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(54) Winding connections for the stator of an alternator 



(57) A stator for an alternator includes a stator wind- 
ing including a number of winding sub-portions which 
are constituted by at least one winding assembly com- 
posed of a pair of first and second winding groups, the 
first winding group including a number of first winding 
sub-portions each having one turn constructed by wind- 
ing one of the strands of wire so as to alternately occupy 
an inner layer and an outer layer in a slot depth direction 
within the slots at intervals of the predetermined number 
of slots, and the second winding group including a 
number of second winding sub-portions each having 
one turn constructed by winding one of the strands of 
wire so as to alternately occupy an inner layer and an 
outer layer in a slot depth direction within the slots at 
^1 intervals of the predetermined number of slots and so 
^ as to be inversely wound and offset by an electrical an- 
gle of 180° relative to the first winding sub-portions, 
00 wherein the stator winding is constituted by a three- 
CM phase alternating-current winding occupying n slots per 
G> phase per pole in which there is a phase difference cor- 
© responding to an electrical angle of 120° between each 
phase, and wherein the first winding sub-portions and 
the second winding sub-portions which constitute the 

HI 



same phase within the winding assembly are connected 
by same-address crossover connections at the same 
address in each phase, the same-address crossover 
connections of each phase being disposed at a slot pitch 
of 4n or more. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a stator for an 
alternator driven by an internal combustion engine, for 
example, and in particular, relates to a stator construc- 
tion for an automotive alternator mounted to an automo- 10 
tive vehicle such as a passenger car or a truck. 

2. Description of the Related Art 

[0002] Figure 22 is a side elevation showing part of a 15 
stator of a conventional automotive alternator such as 
described in Japanese Patent No. 2927288, for exam- 
ple, Figure 23 is a perspective showing a conductor seg- 
ment used in the stator of the conventional automotive 
alternator shown in Figure 22, and Figures 24 and 25 20 
are perspectives from a front end and a rear end, re- 
spectively, of part of the stator of the conventional auto- 
motive alternator shown in Figure 22. 
[0003] In Figures 22 to 25, the stator 50 includes: a 
stator core 51 ; a stator winding 52 wound onto the stator 25 
core 51 ; and insulators 53 mounted inside slots 51 a, the 
insulators 53 insulating the stator winding 52 from the 
stator core 51 . The stator core 51 is a cylindrical lami- 
nated core laminated by stacking thin steel plates, and 
has a number of slots 51a extending axially disposed at 30 
even pitch circumferentially so as to be open on an inner 
circumferential side. In this case, ninety-six slots 51 a are 
formed so as to house two three-phase winding portions 
such that the number of slots housing each winding 
phase portion corresponds to the number of magnetic 35 
poles (sixteen) in a rotor (not shown). The stator winding 
52 is constructed by joining a number of short conductor 
segments 54 in a predetermined winding pattern. 
[0004] The conductor segments 54 are formed into a 
general U shape from an insulated copper wire material *o 
having a rectangular cross section, and are inserted two 
at a time from an axial rear end into pairs of slots 51 a 
six slots apart (a pitch of one magnetic pole). Then, end 
portions of the conductor segments 54 extending out- 
wards at a front end are joined to each other to constitute 45 
the stator winding 52. 

[0005] More specifically, in pairs of slots 1 5a six slots 
apart, first conductor segments 54 are inserted from the 
rear end into first positions from an outer circumferential 
side within first slots 5 la and into second positions from so 
the outer circumferential side within second slots 51 a, 
and second conductor segments 54 are inserted from 
the rear end into third positions from the outer circum- 
ferential side within the first slots 51 a and into fourth po- 
sitions from the outer circumferential side within the sec- 55 
ond slots 51a. Thus, within each slot 15a, four straight 
portions 54a of the conductor segments 54 are arranged 
to line up in a row in a radial direction. 



[0006] Then, end portions 54b of the conductor seg- 
ments 54 extending outwards at the front end from the 
first positions from the outer circumferential side within 
the first slots 51 a and end portions 54b of the conductor 
segments 54 extending outwards at the front end from 
the second positions from the outer circumferential side 
within the second slots 51 a six slots away in a clockwise 
direction from the first slots 51a are joined to form an 
outer layer winding having two turns. In addition, end 
portions 54b of the conductor segments 54 extending 
outwards at the front end from the third positions from 
the outer circumferential side within the first slots 5 la 
and end portions 54b of the conductor segments 54 ex- 
tending outwards at the front end from the fourth posi- 
tions from the outer circumferential side within the sec- 
ond slots 5 1 a six slots away in a clockwise direction from 
the first slots 51 a are joined to form an inner layer wind- 
ing having two turns. 

[0007] In addition, the inner-layer winding and outer- 
layer winding constituted by the conductor segments 54 
inserted into the pairs of slots 51a six slots apart are 
connected in series to form one winding phase portion 
having four turns. 

[0008] A total of six winding phase portions each hav- 
ing four turns are formed in this manner such that slots 
into which the conductor segments 54 are inserted are 
offset by one slot each. A stator winding composed of 
two three-phase alternating-current windings is con- 
structed by connecting the winding phase portions three 
apiece into alternating-current connections. 
[0009] In the conventional stator 50 constructed in this 
manner, at the rear end of the stator core 51 , turn por- 
tions 54c of pairs of conductor segments 54 inserted into 
the same pairs of slots 15a are lined up in rows in a 
radial direction. As a result, the turn portions 54c are 
arranged in two rows circumferentially to constitute a 
rear-end coil end group. 

[0010] At the front end of the stator core 51 , on the 
other hand, joint portions formed by joining the end por- 
tions 54b of the conductor segments 54 extending out- 
wards at the front end from the first positions from the 
outer circumferential side within the first slots 51a and 
the end portions 54b of the conductor segments 54 ex- 
tending outwards at the front end from the second po- 
sitions from the outer circumferential side within the sec- 
ond slots 51 a six slots away from the first slots 51 a, and 
joint portions formed by joining the end portions 54b of 
the conductor segments 54 extending outwards at the 
front end from the third positions from the outer circum- 
ferential side within the first slots 51 a and the end por- 
tions 54b of the conductor segments 54 extending out- 
wards at the front end from the fourth positions from the 
outer circumferential side within the second slots 51a 
six slots away from the first slots 51a are arranged to 
line up radially. As a result, joint portions formed by join- 
ing end portions 54b to each other are arranged in two 
rows circumferentially to constitute a front-end coil end 
group. 
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[001 1 ] In the stator 50 of the conventional automotive 
alternator, as explained above, the stator winding 52 is 
constructed by inserting short conductor segments 54 
formed in the general U shape into the slots 51a of the 
stator core 51 from the rear end, and joining end portions 
54b of the conductor segments 54 extending outwards 
at the front end. 

[0012] Thus, because the front-end coil end group is 
constructed by circumferentially arranging the joint por- 
tions formed by joining the end portions 54b, which have 
lost their insulation due to soldering or welding, the coil- 
end construction is easily corroded by exposure to mois- 
ture, making corrosion resistance extremely low. 
[0013] Furthermore, because the front-end coil end 
group is composed of two rows of ninety-six joint por- 
tions, i.e., 192 joint portions, the construction facilitates 
short-circuiting between the joint portions, increasing 
the likelihood of short-circuiting accidents. 
[0014] A large number of the short conductor seg- 
ments 54 must be inserted into the stator core 51 and 
their end portions 54b must be joined by welding, sol- 
dering, etc., significantly reducing operability. Further- 
more, the amount of each conductor segment 54 which 
is inserted into the slots 51 a must be greater than the 
length of the stator core 51 , facilitating damage to the 
insulation and reducing the quality of the finished prod- 
uct. In addition, when joining the end portions 54b, short- 
circuiting often occurs between the joint portions due to 
spilt solder or weld melt, significantly decreasing mass- 
prod ucibility. 

[001 5] In the conventional stator 50, the end portions 
54b of the conductor segments 54 are joined to each 
other by clamping a portion thereof in a jig, and soldering 
or welding the tips thereof. Thus, because clamping ar- 
ea is required for the jig and expansion of the soldered 
portions or welded portions occurs, the height of the coil 
ends is increased and space between the joint portions 
is reduced. Furthermore, when the end portions 54b of 
the conductor segments 54 are welded, the conductor 
segments 54 are softened by temperature increases 
during welding, leading to decreases in the rigidity of the 
stator. As a result, when the conventional stator 50 is 
mounted to an automotive alternator, coil leakage reac- 
tance in the coil end portions is increased, causing out- 
put to deteriorate, wind resistance is increased, exacer- 
bating wind noise, and rigidity of the stator is reduced, 
decreasing the effective reduction in magnetic noise. 

SUMMARY OF THE INVENTION 

[001 6] The present invention aims to solve the above 
problems and an object of the present invention is to 
provide a stator for an alternator increasing corrosion 
resistance and insulation properties by significantly re- 
ducing the number of joints in the coil ends using wind- 
ing assemblies composed of an arrangement of a 
number of winding sub-portions each having one turn 
composed of continuous wire, improving assembly and 



productivity by improving the installation of the windings 
into the stator core, and preventing short-circuiting be- 
tween connecting portions between the winding por- 
tions constituting the three-phase alternating-current 
s windings in advance and enabling improved reliability 
by adapting the positioning of the connecting portions. 
[0017] In order to achieve the above object, according 
to one aspect of the present invention, there is provided 
a stator for an alternator including a cylindrical stator 
10 core composed of a laminated iron core formed with a 
number of slots extending axially at a predetermined 
pitch in a circumferential direction, and a stator winding 
including a number of winding sub-portions in each of 
which a long strand of wire is wound so as to alternately 
occupy an inner layer and an outer layer in a slot depth 
direction within the slots at intervals of a predetermined 
number of slots, the strand of wire folding back outside 
the slots at axial end surfaces of the stator core, wherein 
the winding sub-portions are constituted by at least one 
winding assembly composed of a pair of first and second 
winding groups, the first winding group including a 
number of first winding sub-portions each having one 
turn constructed by winding one of the strands of wire 
so as to alternately occupy an inner layer and an outer 
layer in a slot depth direction within the slots at intervals 
of the predetermined number of slots, the first winding 
sub-portions being disposed at a pitch of one slot from 
each other and being equal in number to the predeter- 
mined number of slots, and the second winding group 
including a number of second winding sub-portions 
each having one turn constructed by winding one of the 
strands of wire so as to alternately occupy an inner layer 
and an outer layer in a slot depth direction within the 
slots at intervals of the predetermined number of slots 
and so as to be inversely wound and offset by an elec- 
trical angle of 180° relative to the first winding sub-por- 
tions, the second winding sub-portions being disposed 
at a pitch of one slot from each other and being equal 
in number to the predetermined number of slots, where- 
in the stator winding is constituted by a three-phase al- 
ternating-current winding occupying n slots per phase 
per pole in which there is a phase difference corre- 
sponding to an electrical angle of 120° between each 
phase, and wherein the first winding sub-portions and 
the second winding sub-portions which constitute the 
same phase within the winding assembly are connected 
by same-address crossover connections at the same 
address in each phase, the same-address crossover 
connections of each phase being disposed at a slot pitch 
of 4n or more. 

[0018] According to another aspect of the present in- 
vention, there is provided a stator for an alternator in- 
cluding a cylindrical stator core composed of a laminat- 
ed iron core formed with a number of slots extending 
axially at a predetermined pitch in a circumferential di- 
rection, and a stator winding including a number of wind- 
ing sub-portions in each of which a long strand of wire 
is wound so as to alternately occupy an inner layer and 
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an outer layer in a slot depth direction within the slots at 
intervals of a predetermined number of slots, the strand 
of wire folding back outside the slots at axial end surfac- 
es of the stator core, wherein the winding sub-portions 
are constituted by at least one winding assembly com- s 
posed of a pair of first and second winding groups, the 
first winding group including a number of first winding 
sub-portions each having one turn constructed by wind- 
ing one of the strands of wire so as to alternately occupy 
an inner layer and an outer layer in a slot depth direction io 
within the slots at intervals of the predetermined number 
of slots, the first winding sub-portions being disposed at 
a pitch of one slot from each other and being equal in 
number to the predetermined number of slots, and the 
second winding group including a number of second 15 
winding sub-portions each having one turn constructed 
by winding one of the strands of wire so as to alternately 
occupy an inner layer and an outer layer in a slot depth 
direction within the slots at intervals of the predeter- 
mined number of slots and so as to be inversely wound 20 
and offset by an electrical angle of 180° relative to the 
first winding sub-portions, the second winding sub-por- 
tions being disposed at a pitch of one slot from each 
other and being equal in number to the predetermined 
number of slots, wherein the stator winding is constitut- 25 
ed by a three-phase alternating-current winding occu- 
pying n slots per phase per pole in which there is a phase 
difference corresponding to an electrical angle of 120° 
between each phase, and wherein the first winding sub- 
portions and the second winding sub-portions which 30 
constitute the same phase within the winding assembly 
are connected by same-address crossover connections 
at addresses different from adjacent phases, the same- 
address crossover connections of each phase being 
disposed at a slot pitch of 2n or more. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

40 

Figure 1 is a cross section showing a construction 
of an automotive alternator according to Embodi- 
ment 1 of the present invention; 
Figure 2 is a perspective showing a stator of the au- 
tomotive alternator according to Embodiment 1 of *5 
the present invention; 

Figure 3 is a partial end elevation of the stator of the 
automotive alternator according to Embodiment 1 
of the present invention; 

Figure 4 is an end elevation explaining connections so 
in one stator winding phase portion in the automo- 
tive alternator according to Embodiment 1 of the 
present invention; 

Figure 5 is an end elevation explaining connections 
among three stator winding phase portions in the 55 
automotive alternator according to Embodiment 1 
of the present invention; 

Figure 6 is a perspective showing three-phase al- 



ternating-current connection terminals in the auto- 
motive alternator according to Embodiment 1 of the 
present invention; 

Figure 7 is a circuit diagram for the automotive al- 
ternator according to Embodiment 1 of the present 
invention; 

Figure 8 is a diagram explaining the manufacturing 
process for winding assemblies constituting part of 
the stator winding used in the automotive alternator 
according to Embodiment 1 of the present inven- 
tion; 

Figure 9 is a diagram explaining the manufacturing 
process for winding assemblies constituting part of 
the stator winding used in the automotive alternator 
according to Embodiment 1 of the present inven- 
tion; 

Figures 10A and 10B are an end elevation and a 
plan, respectively, showing one of the winding as- 
semblies constituting part of the stator winding used 
in the automotive alternator according to Embodi- 
ment 1 of the present invention; 
Figures 11 A and 11 B are an end elevation and a 
plan, respectively, showing another of the winding 
assemblies constituting part of the stator winding 
used in the automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 12 is a perspective showing part of a strand 
of wire constituting part of the stator winding used 
in the automotive alternator according to Embodi- 
ment 1 of the present invention; 
Figure 13 is a diagram explaining arrangement of 
the strands of wire constituting part of the stator 
winding used in the automotive alternator according 
to Embodiment 1 of the present invention; 
Figures 1 4A and 1 4B are a side elevation and a rear 
elevation, respectively, explaining the construction 
of a stator core used in the automotive alternator 
according to Embodiment 1 of the present inven- 
tion; 

Figures 15A, 15B, and 15C are cross sections ex- 
plaining the manufacturing process for the stator 
used in the automotive alternator according to Em- 
bodiment 1 of the present invention; 
Figure 1 6 is a cross section explaining the manu- 
facturing process for the stator used in the automo- 
tive alternator according to Embodiment 1 of the 
present invention; 

Figure 17 is an end elevation explaining connec- 
tions among three stator winding phase portions in 
an automotive alternator according to Embodiment 

2 of the present invention; 

Figure 18 is an end elevation explaining connec- 
tions among three stator winding phase portions in 
an automotive alternator according to Embodiment 

3 of the present invention; 

Figure 19 is an end elevation explaining connec- 
tions in one stator winding phase portion in an au- 
tomotive alternator according to Embodiment 4 of 
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the present invention; 

Figure 20 is an end elevation explaining connec- 
tions among three stator winding phase portions in 
the automotive alternator according to Embodiment 
4 of the present invention; 
Figure 21 is a perspective showing a stator of the 
automotive alternator according to Embodiment 5 
of the present invention; 

Figure 22 is a side elevation showing part of a stator 
of a conventional automotive alternator; 
Figure 23 is a perspective showing a conductor seg- 
ment used in the stator of the conventional automo- 
tive alternator; 

Figure 24 is a perspective of part of the stator of the 
conventional automotive alternator from a front end; 
and 

Figure 25 is a perspective of part of the stator of the 
conventional automotive alternator from a rear end. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] The preferred embodiments of the present in- 
vention will be explained below with reference to the 
drawings. 

Embodiment 1 

[0021] Figure 1 is a cross section showing a construc- 
tion of an automotive alternator according to Embodi- 
ment 1 of the present invention, Figure 2 is a perspective 
showing a stator of the present automotive alternator, 
Figure 3 is a partial end elevation of the stator of the 
present automotive alternator, Figure 4 is an end eleva- 
tion explaining connections in one stator winding phase 
portion in the present automotive alternator, Figure 5 is 
an end elevation explaining connections among three 
stator winding phase portions in the present automotive 
alternator, Figure 6 is a perspective showing three- 
phase alternating-current connection terminals in the 
present automotive alternator! Figure 7 is a circuit dia- 
gram for the present automotive alternator, Figures 8 
and 9 are diagrams explaining the manufacturing proc- 
ess for winding assemblies constituting part of the stator 
winding used in the present automotive alternator, Fig- 
ures 10A and 10B are an end elevation and a plan, re- 
spectively, showing one of the winding assemblies con- 
stituting part of the stator winding used in the present 
automotive alternator, Figures 11 A and 11 B are an end 
elevation and a plan, respectively, showing another of 
the winding assemblies constituting part of the stator 
winding used in the present automotive alternator, Fig- 
ure 12 is a perspective showing part of a strand of wire 
constituting part of the stator winding used in the present 
automotive alternator, Figure 1 3 is a diagram explaining 
arrangement of the strands of wire constituting part of 
the stator winding used in the present automotive alter- 
nator, Figures 14A and 14B are a side elevation and a 



rear elevation, respectively, explaining the construction 
of a stator core used in the present automotive alterna- 
tor, Figures 15A, 15B t and 15C are cross sections ex- 
plaining the manufacturing process for the stator used 

5 in the present automotive alternator, and Figure 1 6 is a 
cross section explaining the manufacturing process for 
the stator used in the present automotive alternator. 
[0022] In Figure 1 , the automotive alternator is con- 
structed by rotatably mounting a Lundell-type rotor 7 by 

10 means of a shaft 6 inside a case 3 constructed from an 
aluminum front bracket 1 and an aluminum rear bracket 
2, and fastening a stator 8 to an inner wall of the case 
3 so as to cover an outer circumferential side of the rotor 
7. 

15 [0023] The shaft 6 is rotatably supported in the front 
bracket 1 and the rear bracket 2. A pulley 4 is fastened 
to a first end of this shaft 6 so that rotational torque from 
an engine can be transmitted to the shaft 6 by means of 
a belt (not shown). 
20 [0024] Slip rings 9 for supplying electric current to the 
rotor 7 are fastened to a second end of the shaft 6, and 
a pair of brushes 10 are housed in a brush holder 11 
disposed inside the case 3 such that the pair of brushes 
10 slide in contact with the slip rings 9. A regulator 18 
25 for adjusting the magnitude of alternating voltage gen- 
erated in the stator 8 is fastened by adhesive to a heat 
sink 17 fitted onto the brush holder 11. Rectifiers 12 
which are electrically connected to the stator 8 and con- 
vert alternating current generated in the stator 8 into di- 
30 rect current are mounted inside the case 3. 

[0025] The rotor 7 is composed of a rotor coil 13 for 
generating magnetic flux on passage of electric current, 
and a pair of pole cores 20 and 21 disposed so as to 
cover the rotor coil 13, magnetic poles being formed in 
35 the pole cores 20 and 21 by magnetic flux generated in 
the rotor coil 13. The pair of pole cores 20 and 21 are 
made of iron, each has eight claw-shaped magnetic 
poles 22 and 23 disposed on an outer circumferential 
perimeter at even pitch in a circumferential direction so 
to as to project axially, and the pole cores 20 and 21 are 
fastened to the shaft 6 facing each other such that the 
claw-shaped magnetic poles 22 and 23 intermesh. In 
addition, fans 5 are fastened to first and second axial 
ends of the rotor 7. 
is [0026] Air intake openings la and 2a are disposed in 
axial end surfaces of the front bracket 1 and the rear 
bracket 2, and air discharge openings 1 b and 2b are dis- 
posed in two outer circumferential shoulder portions of 
the front bracket 1 and the rear bracket 2, opposite the 
so radial outside of the front-end and rear-end coil ends 
1 6a and 1 6b of the stator winding 1 6. 
[0027] As shown in Figures 2 and 3, the stator 8 in- 
cludes: a cylindrical stator core 15 composed of a lam- 
inated core formed with a number of slots 1 5a extending 
55 axially at a predetermined pitch in a circumferential di- 
rection; a stator winding 1 6 wound onto the stator core 
15; and insulators 19 installed in each of the slots 15a 
for electrically insulating the stator winding 16 from the 
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stator core 1 5. The stator winding 1 6 includes two wind- 
ing assemblies 90 disposed in two rows in a radial di- 
rection. The winding assemblies 90 include a number of 
winding sub-portions in each of which one strand of wire 
30 is bent back outside the slots 15a at end surfaces of 
the stator core 1 5 and wound into a wave winding so as 
to alternately occupy an inner layer and an outer layer 
in a slot depth direction within slots 1 5a a predetermined 
number of slots apart. The winding sub-portions are 
connected into three-phase alternating-current connec- 
tions using three-phase alternating-current terminals 
100 to form two three-phase alternating-current wind- 
ings 160, which are described below. Moreover, in Fig- 
ures 2 and 3, Oa, Ob, Oc, Na, Nb, and Nc represent 
output wires and neutral points of respective phase por- 
tions of a first three-phase alternating-current winding 
160, Nabc represents a neutral-point lead wire of the 
first three-phase alternating-current winding 160, Oa', 
Ob', Oc', Na', Nb', and Nc' represent output wires and 
neutral points of respective phase portions of a second 
three-phase alternating-current winding 160, and 
Na'b'c' represents a neutral-point lead wire of the sec- 
ond three-phase alternating-current winding 160. Fur- 
thermore, C M represents same-address crossover 
connections between first addresses described below, 
and C 2 _ 3 represents adjacent-address crossover con- 
nections between a second address and a third ad- 
dress. 

[0028] In this case, the stator core 15 is formed with 
ninety-six slots 15a at even pitch so as to house the two 
three-phase alternating-current windings 1 60 such that 
the number of slots housing each phase portion of the 
alternating-current windings corresponds to the number 
of magnetic poles (sixteen) in the rotor 7. In other words, 
there are two slots per pole per phase. Long, insulated 
copper wire material having a rectangular cross section, 
for example, is used in the strands of wire 30. 
[0029] Next, the winding construction of one stator 
winding phase portion 1 61 will be explained in detail with 
reference to Figure 4. 

[0030] One stator winding phase portion 1 61 is com- 
posed of first to fourth winding sub-portions 31 to 34 
each formed from one strand of wire 30. The first wind- 
ing sub-portion 31 is formed by wave winding one strand 
of wire 30 into every sixth slot from slot numbers 1 to 91 
so as to alternately occupy a first position from an inner 
circumferential side and a second position from the in- 
ner circumferential side inside the slots 1 5a. The second 
winding sub-portion 32 is formed by wave winding a 
strand of wire 30 into every sixth slot from slot numbers 
1 to 91 so as to alternately occupy the second position 
from the inner circumferential side and the first position 
from the inner circumferential side inside the slots 1 5a. 
The third winding sub-portion 33 is formed by wave 
winding a strand of wire 30 into every sixth slot from slot 
numbers 1 to 91 so as to alternately occupy a third po- 
sition from the inner circumferential side and a fourth 
position from the inner circumferential side inside the 



slots 15a. The fourth winding sub-portion 32 is formed 
by wave winding a strand of wire 30 into every sixth slot 
from slot numbers 1 to 91 so as to alternately occupy 
the fourth position from the inner circumferential side 
5 and the third position from the inner circumferential side 
inside the slots 15a. 

[0031] Thus, each of the first to fourth winding sub- 
portions 31 to 34 constitutes a winding sub-portion hav- 
ing one turn in which a single strand of wire 30 is wound 

10 into every sixth slot 1 5a so as to alternately occupy an 
inner layer and an outer layer in a slot depth direction. 
The strands of wire 30 are arranged to line up in a row 
of four strands in a radial direction within each slot 15a 
with the longitudinal direction of their rectangular cross 

'5 sections aligned in a radial direction. Hereinafter, the po- 
sitions of the strands of wire 30 within the slots 1 5a will 
be called the first address, the second address, the third 
address, and the fourth address, respectively, from the 
inner circumferential side. 

20 [0032] Moreover, although not shown, a total of six 
stator winding phase portions 1 61 are formed by offset- 
ting the slots 15a into which the strands of wire 30 are 
wound by one slot each. 

[0033] At a first end of the stator core 1 5, a crossover 

2s connection (adjacent-address crossover connection 
C 2 . 3 ) is formed between a second end portion 31 b of the 
first winding sub-portion 31 extending outwards from the 
second address of slot number 67 and a first end portion 
33a of the third winding sub-portion 33 extending out- 

30 wards from the third address of slot number 61 , and a 
crossover connection (adjacent-address crossover con- 
nection C2.3) is formed between a second end portion 
32b of the second winding sub-portion 32 extending out- 
wards from the second address of slot number 61 and 

35 a first end portion 34a of the fourth winding sub-portion 
34 extending outwards from the third address of slot 
number 55, and in addition, a crossover connection 
(same-address crossover connection C^) is formed 
between a first end portion 31 a of the first winding sub- 

40 portion 31 extending outwards from the first address of 
slot number 61 and a first end portion 32a of the second 
winding sub-portion 32 extending outwards from the first 
address of slot number 55. Thus, the first to fourth wind- 
ing sub-portions 31 to 34 are connected in series to form 

45 one stator winding phase portion 1 61 having four turns, 
namely, the stator winding a-phase portion. 
[0034] At this time, a second end portion 33b of the 
third winding sub-portion 33 extending outwards from 
the fourth address of slot number 67 and a second end 

50 portion 34b of the fourth winding sub-portion 34 extend- 
ing outwards from the fourth address of slot number 61 
become an output wire (Oa) and a neutral point (Na), 
respectively, of the stator winding a-phase portion. 
[0035] Similarly, as shown in Figure 5, in the wire- 

55 strand groups wound into a slot group including slot 
numbers 5, 11 , .... and 95, a crossover connection (ad- 
jacent-address crossover connection C 2 . 3 ) is formed 
between a second end portion 31b of the first winding 
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sub-portion 31 extending outwards from the second ad- 
dress of slot number 59 and a first end portion 33a of 
the third winding sub-portion 33 extending outwards 
from the third address of slot number 53, and a crosso- 
ver connection (adjacent-address crossover connection 5 
C 2 . 3 ) is formed between a second end portion 32b of the 
second winding sub-portion 32 extending outwards from 
the second address of slot number 53 and a first end 
portion 34a of the fourth winding sub-portion 34 extend- 
ing outwards from the third address of slot number 47, 10 
and in addition, a crossover connection (same-address 
crossover connection C 1 ^ ) is formed between a first end 
portion 31 a of the first winding sub-portion 31 extending 
outwards from the first address of slot number 53 and a 
first end portion 32a of the second winding sub-portion 15 

32 extending outwards from the first address of slot 
number 47. Thus, the first to fourth winding sub-portions 
31 to 34 are connected in series to form a stator winding 
b-phase portion having four turns. A second end portion 
33b of the third winding sub-portion 33 extending out- 20 
wards from the fourth address of slot number 59 and a 
second end portion 34b of the fourth winding sub-portion 

34 extending outwards from the fourth address of slot 
number 53 become an output wire (Ob) and a neutral 
point (Nb), respectively, of the stator winding b-phase 25 
portion. 

[0036] Similarly, as shown in Figure 5, in the wire- 
strand groups wound into a slot group including slot 
numbers 3, 9 and 93, a crossover connection (adja- 
cent-address crossover connection C 2 . 3 ) is formed be- 30 
tween a second end portion 32b of the second winding 
sub-portion 32 extending outwards from the second ad- 
dress of slot number 51 and a first end portion 34a of 
the fourth winding sub-portion 34 extending outwards 
from the third address of slot number 45, and a crosso- 35 
ver connection (adjacent-address crossover connection 
C 2 . 3 ) is formed between a second end portion 31 b of the 
first winding sub-portion 31 extending outwards from the 
second address of slot number 45 and a first end portion 
33a of the third winding sub-portion 33 extending out- 40 
wards from the third address of slot number 39, and in 
addition, a crossover connection (same-address cross- 
over connection C^-j) is formed between a first end por- 
tion 32a of the second winding sub-portion 32 extending 
outwards from the first address of slot number 45 and a 45 
first end portion 31a of the first winding sub-portion 31 
extending outwards from the first address of slot number 
39. Thus, the first to fourth winding sub-portions 31 to 
34 are connected in series to form a stator winding c- 
phase portion having four turns. A second end portion so 
34b of the fourth winding sub-portion 34 extending out- 
wards from the fourth address of slot number 51 and a 
second end portion 33b of the third winding sub-portion 

33 extending outwards from the fourth address of slot 
number 45 become an output wire (Oc) and a neutral 55 
point (Nc), respectively, of the stator winding c-phase 
portion. 

[0037] In the stator winding a-phase portion, the stator 



winding b-phase portion, and the stator winding c-phase 
portion of the above construction, the same-address 
crossover connections C,.., are in the same address, 
namely the first address, and are disposed at a pitch of 
eight slots from each other. The three output wires Oa, 
Ob, and Oc are also disposed at a pitch of eight slots 
from each other, and in addition the three neutral points 
Na, Nb, and Nc are also disposed at a pitch of eight slots 
from each other. 

[0038] In the wire-strand groups wound into a slot 
group including slot numbers 2, 8, .... and 92, a stator 
winding a'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30, in the wire-strand 
groups wound into a slot group including slot numbers 
6, 12, .... and 96, a stator winding b'-phase portion is 
formed by similarly connecting each of the strands of 
wire 30, and in the wire-strand groups wound into a slot 
group including slot numbers 4, 10, and 94, a stator 
winding c'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30. 
[0039] Next, the same-address crossover connec- 
tions and the neutral-point connections will be ex- 
plained. These same-address crossover connections 
and neutral-point connections are made using three- 
phase alternating-current connection terminals 100 as 
shown in Figure 6. 

[0040] As shown in Figure 6, the three-phase alter- 
nating-current connection terminals 100 are each com- 
posed of a metal neutral-point connection terminal 101 
and three metal crossover connection terminals 102. 
[0041] The metal neutral-point connection terminals 
101 are prepared by bending metal rods of copper or 
the like having rectangular cross sections and each is 
provided with three joining segments 1 01 a and one neu- 
tral point lead 101b. The joining segments 101a corre- 
spond to the three neutral points Na, Nb, and Nc and 
are disposed at a pitch of eight slots circumferentially. 
[0042] The metal crossover connection terminals 1 02 
are prepared by bending metal rods of copper or the like 
having rectangular cross sections into a square-cor- 
nered U shape so as to be provided with joining seg- 
ments 102a. The three metal crossover connection ter- 
minals 102 are integrated with the metal neutral-point 
connection terminals 101 by electrically-insulative resin 
103 so as to be disposed circumferentially at a pitch of 
eight slots. 

[0043] The adjacent-address crossover connections 
of each phase are made by bringing side surfaces of the 
second end portion 31b of the first winding sub-portion 
31 and the first end portion 33a of the third winding sub- 
portion 33 into close contact with each other, then fusing 
and joining the end portions 31 b and 33a by arc-welding 
from the first end of the stator core 1 5, and bringing side 
surfaces of the second end portion 32b of the second 
winding sub-portion 32 and the first end portion 34a of 
the fourth winding sub-portion 34 into close contact with 
each other, then fusing and joining the end portions 32b 
and 34a by arc-welding from the first end of the stator 
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core 15. 

[0044] Next, the three-phase alternating-current ter- 
minals 100 are positioned at the first end of the stator 
core 15 such that side surfaces of each of the joining 
segments 101a and the neutral points Na ( Nb, and Nc 
of the stator winding a-phase, b-phase, and c-phase 
portions are in close contact with each other, and each 
of the joining segments 1 01 a are fused and joined to the 
neutral points Na, Nb, and Nc by arc-welding from the 
first end of the stator core 15. A same-address crosso- 
ver connection is formed by bringing side surfaces of 
the first end portions 31 a and 32a of the first and second 
winding sub-portions 31 and 32 of the stator winding a- 
phase portion and the joining segments 1 02a into close 
contact with each other, and fusing and joining the first 
end portions 31 a and 32a to the joining segments 1 02a 
by arc-welding from the first end of the stator core 15. 
Similarly, same-address crossover connections are 
formed by fusing and joining the first end portions 31a 
and 32a of the first and second winding sub-portions 31 
and 32 of the stator winding b-phase and c-phase por- 
tions to the joining segments 1 02a by arc-welding. The 
three-phase alternating-current winding 160 which is 
composed of stator winding a-phase, b-phase, and c- 
phase portions are obtained in this manner. Then, the 
neutral points Na, Nb, and Nc are electrically connected 
by the metal neutral-point connection terminals 1 01 and 
are integrated into a single neutral-point lead 101b. 
[0045] In addition, the three-phase alternating-cur- 
rent terminals 100 are positioned at the first end of the 
stator core 1 5 such that side surfaces of each of the join- 
ing segments 101a and the neutral points Na', Nb', and 
Nc' of the stator winding a'-phase, b'-phase, and c'- 
phase portions are in close contact with each other, and 
each of the joining segments 1 01 a are fused and joined 
to the neutral points Na', Nb\ and Nc' by arc-welding 
from the first end of the stator core 1 5. A same-address 
crossover connection is formed by bringing side surfac- 
es of the first end portions 31 a and 32a of the first and 
second winding sub-portions 31 and 32 of the stator 
winding a'-phase portion and the joining segments 1 02a 
into close contact with each other, and fusing and joining 
the first end portions 31a and 32a to the joining seg- 
ments 102a by arc-welding from the first end of the sta- 
tor core 1 5. Similarly, same-address crossover connec- 
tions are formed by fusing and joining the first end por- 
tions 31a and 32a of the first and second winding sub- 
portions 31 and 32 of the stator winding b'-phase and 
c'-phase portions to the joining segments 102a by arc- 
welding. Then, the neutral points Na', Nb', and Nc' are 
electrically connected by the metal neutral-point con- 
nection terminals 101 and are integrated into a single 
neutral-point lead 101b. 

[0046] Thus, as shown in Figures 2 and 3, the stator 
8 is obtained including the stator winding 16, which is 
composed of two three-phase alternating-current wind- 
ings 160 formed by connecting the winding portions 
wound onto the stator core 15 into alternating-current 



connections using the three-phase alternating-current 
connection terminals 100. 

[0047] Each of the three-phase alternating-current 
windings 160 is starconnected such that the phase dif- 

5 f erence between the three stator winding phase portions 
161 therein is an electrical angle of 120°. Furthermore, 
the two three-phase alternating-current windings 160 
are wound onto the stator core 1 5 so as to have a phase 
difference of 30° from each other. Then, as shown in 

10 Figure 7, each of the two three-phase alternating-cur- 
rent windings 160 is connected to its own rectifier 12. 
The rectifiers 12 are connected in parallel so that the 
direct-current output from each is combined. Further- 
more, the neutral points of each of the three-phase al- 

15 temating-current windings 1 60 are connected to direct- 
current output terminals of the rectifiers by means of di- 
odes 29. 

[0048] Thus, the strands of wire 30 constituting the 
first to fourth winding sub-portions 31 to 34 are each 

20 wound into a wave winding so as to extend out of first 
slots 1 5a at end surfaces of the stator core 1 5, fold back, 
and enter second slots 15a six slots away. Each of the 
strands of wire 30 is wound so as to alternately occupy 
the inner layer and the outer layer relative to the slot 

25 depth direction (the radial direction) in every sixth slot. 
The first winding sub-portion 31 and the second winding 
sub-portion 32 are offset by an electrical angle of 180° 
so as to be inversely wound relative to each other. Sim- 
ilarly, the third winding sub-portion 33 and the fourth 

30 winding sub-portion 34 are also offset by an electrical 
angle of 1 80° so as to be inversely wound relative to 
each other. 

[0049] Turn portions 30a of the strands of wire 30 ex- 
tend outwards from the stator core 15 and fold back to 
35 form coil ends. The turn portions 30a which are formed 
into a substantially identical shape at both axial ends of 
the stator core 1 5 are mutually spaced circumferentially 
and radially, and arranged neatly in two rows circumfer- 
entially, to form coil end groups 16a and 16b. 
40 [0050] Next, the assembly of the stator 8 will be ex- 
plained with reference to Figures 8 to 16. 
[0051] First, as shown in Figure 8, twelve long strands 
of wire 30 are simultaneously bent in the same plane to 
form a lightning-bolt shape. Then, the winding assem- 
45 blies 90A and 90B shown in Figures 1 0A, 10B, 1 1 A and 
11B are prepared by progressively folding the strands 
at right angles, as indicated by the arrow in Figure 9, 
using a jig. In this folding process, specific strands of 
wire 30 are drawn out to form lead portions of the cross- 
so over connections, the output wires, and the neutral 
points. In Figures 1 0A, 1 0B, 1 1 A and 1 1 B, the numerous 
elements extending outwards from one side of the wind- 
ing assemblies 90A and 90B correspond to the lead por- 
tions. Moreover, the constructions of the winding as- 
55 semblies 90A and 90B are identical except for the lead 
portions of the crossover connections, the output wires, 
and the neutral points. 

[0052] The winding assemblies 90A and 90B are an- 
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nealed after preparation for ten minutes at 300°C so that 
a parallelepiped core 36 mounted with the winding as- 
semblies 90A and 90B can be easily formed into an an- 
nular shape. 

[0053] Moreover, as shown in Figure 12, each strand 
of wire 30 is formed by bending it into a planar pattern 
in which straight portions 30b connected by turn portions 
30a are lined up at a pitch of six' slots (6P). Adjacent 
straight portions 30b are offset by a distance equal to 
one width (W) of the strands of wire 30 by means of the 
turn portions 30a. The winding assemblies 90A and 90B 
are constructed by arranging six wire-strand pairs so as 
to be offset by a pitch of one slot from each other, each 
wire-strand pair composed of two strands of wire 30 
formed in the above pattern which are offset by a pitch 
of six slots and arranged such that straight portions 30b 
overlap as shown in Figure 13. Six end portions of the 
strands of wire 30 each extend outwards from first and 
second sides at first and second ends of the winding 
assemblies 90A and 90B. Furthermore, the turn portions 
30a are arranged so as to line up in rows on first and 
second side portions of the winding assemblies 90A and 
90B. Moreover, as shown in Figure 13 the wire-strand 
pairs, which are arranged so that straight portions 30b 
are offset at a pitch of six slots and stacked one on top 
of another, are offset by an electrical angle of 180°. 
[0054] Meanwhile, the parallelepiped core 36 is pre- 
pared as shown in Figures 14A and 14B by laminating 
a predetermined number of sheets of SPCC material 
formed with trapezoidal slots 36a at a predetermined 
pitch (an electrical angle of 30°) and laser welding an 
outer portion thereof. 

[0055] As shown in Figure 1 5A, the insulators 1 9 are 
mounted in the slots 36a of the parallelepiped core 36, 
and the straight portions of the two winding assemblies 
90A and 90B are inserted so as to stack up within each 
of the slots. In this manner, the two winding assemblies 
90A and 90B are installed in the parallelepiped core 36 
as shown in Figure 15B. At this time, straight portions 
30b of the strands of wire 30 are housed in lines of four 
in a radial direction within the slots 36a and are electri- 
cally insulated from the parallelepiped core 36 by the 
insulators 19. 

[0056] Next, the parallelepiped core 36 is rolled up 
and its ends abutted and welded to each other to obtain 
a cylindrical core 37, as shown in Figure 15C. By roiling 
up the parallelepiped core 36, the slots 36a (corre- 
sponding to the slots 15a in the stator core) take on a 
generally rectangular cross-sectional shape, and open- 
ing portions 36b of the slots 36a (corresponding to open- 
ing portions 15b of the slots 15a) become smaller than 
the slot-width dimensions of the straight portions 30b. 
Thereafter, the cylindrical core 37 is inserted into a cy- 
lindrical outer core 38 composed of laminated SPCC 
material by shrink fitting, as shown in Figure 1 6, to obtain 
the stator 15 in which the cylindrical core 37 and the 
outer core 38 are integrated. 

[0057] Then, end portions of the same strand of wire 



30 are connected so that first to fourth winding sub-por- 
tions 31 to 34 wound into the same slot group each form 
winding sub-portions having one turn. Then, as ex- 
plained previously, the two three-phase alternating-cur- 
5 rent windings 160 are obtained by cutting each of the 
lead portions of the winding assemblies 90A and 90B, 
forming the adjacent-address crossover connections, 
and then forming the same-address crossover connec- 
tions and connecting the neutral points using the alter- 
10 nating-current connection terminals 1 00. 

[0058] In the automotive alternator constructed in this 
manner, electric current is supplied from a battery (not 
shown) through the brushes 10 and the slip rings 9 to 
the rotor coil 13, generating magnetic flux. The claw- 
is shaped magnetic poles 22 of the first pole core 20 are 
magnetized with north-seeking (N) poles by this mag- 
netic flux, and the claw-shaped magnetic poles 23 of the 
first pole core 21 are magnetized with south-seeking (S) 
poles. At the same time, rotational torque from the en- 
20 gine is transmitted through the belt and the pulley 4 to 
the shaft 6, rotating the rotor 7. Thus, a rotating magnetic 
field is applied to the stator winding 1 6, generating elec- 
tromotive force in the stator winding 1 6. This alternating 
electromotive force passes through the rectifiers 12 and 
25 is converted into direct current, the output voltage of the 
rectifier 12 is adjusted by the regulator 18, and the bat- 
tery is recharged. 

[0059] At the rear end, external air is drawn in through 
air intake openings 2a disposed opposite the heat sinks 

30 of the rectifiers 1 2 and the heat sink 1 7 of the regulator 
18, respectively, by rotation of the fans 5, flowing along 
the axis of the shaft 6, cooling the rectifiers 12 and the 
regulator 18, and is then deflected centrifugally by the 
fans 5, cooling the rear-end coil end group 16b of the 

35 stator winding 16 before being expelled to the outside 
through the air discharge openings 2b. At the same time, 
at the front end, external air is drawn in axially through 
air intake openings la by rotation of the fans 5, and is 
then deflected centrifugally by the fans 5, cooling the 

40 front-end coil end group 16a of the stator winding 16 
before being expelled to the outside through the air dis- 
charge openings 1b. 

[0060] In this manner, according to Embodiment 1 , 
the stator winding 16 is provided with a number of first 

45 to fourth winding sub-portions 31 to 34 in each of which 
one strand of wire 30 is bent back outside the slots 15a 
at end surfaces of the stator core 15 and wound into a 
wave winding so as to alternately occupy an inner layer 
and an outer layer in a slot depth direction within every 

so sixth slot 15a. Two winding assemblies 90A and 90B 
each composed of a pair of first and second winding 
groups are used, the first winding group being constitut- 
ed by six first winding sub-portions 31 (or third winding 
sub-portions 33) disposed at a pitch of one slot from 

55 each other, and the second winding group being consti- 
tuted by six second winding sub-portions 32 (or fourth 
winding sub-portions 34) disposed at a pitch of one slot 
from each other wound inversely so as to be offset at an 
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electrical angle of 180° relative to the first winding sub- 
portions 31 (or third winding sub-portions 33). The two 
winding assemblies 90A and 90B are installed in the sta- 
tor core 15 so as to form two rows radially. 
[0061] Thus, by installing the two winding assemblies 
90A and 90B into the stator core 15 so as to form two 
rows radially, six stator winding phase portions 161 are 
installed in the stator core 1 5, enabling assembly to be 
significantly improved. 

[0062] Because winding connections between the 
two winding assemblies 90A and 90B are formed by two 
adjacent-address crossover connections (C 2 - 3 ) and by 
one same-address crossover connection (C^) in one 
winding assembly 90A, the crossover connection por- 
tions have an extremely simple construction. Thus, the 
operations of pulling around and bending the strands of 
wire 30 to form the crossover connections can be sig- 
nificantly alleviated, greatly improving the connection 
operation. 

[0063] Because the same-address crossover con- 
nections (Cj..,) of each phase within each of the three- 
phase alternating-current windings 1 60 are disposed at 
a pitch of eight slots from each other, the same-address 
crossover connection of each phase can be positioned 
without contacting each other, thus improving the con- 
nection operation and enabling increases in the height 
of the coil ends to be suppressed. 
[0064] Thus, because the first to fourth winding sub- 
portions 31 to 34 constituting the stator winding 16 are 
each composed of one strand of wire 30 (continuous 
wire), it is not necessary to insert a large number of short 
conductor segments 54 into the stator core 51 and join 
end portions 54b to each other by welding, soldering, 
etc., as was required in the conventional stator 50, en- 
abling the productivity of the stator 8 to be improved sig- 
nificantly. 

[0065] Because the coil ends are constituted by the 
turn portions 30a of the strands of wire 30, the only joints 
in the coil end groups 16a and 16b are the first and sec- 
ond end portions of the first to fourth winding sub-por- 
tions 31 to 34 and the crossover connection joint por- 
tions, significantly reducing the number of joints. Thus, 
because the occurrence of short-circuiting accidents 
which accompany loss of insulation due to the joining 
process can be suppressed, superior insulation can be 
obtained and high yield can also be achieved. In addi- 
tion, reductions in resistance to corrosion which accom- 
pany loss of insulation due to joining can be suppressed. 
[0066] Because the strands of wire 30 are formed with 
a rectangular cross section, the contact surface area at 
the joint portions can be increased, achieving greater 
joint strength and thereby improving reliability. 
[0067] Because the joint portions are formed by arc- 
welding, achieving joint strength and thereby improving 
reliability. 

[0068] Because the same-address crossover con- 
nections are formed using the metal crossover connec- 
tion terminals 1 02, clamps for securing the end portions 



of the winding sub-portions being crossover connected 
are no longer required, enabling the number of parts to 
be reduced. Furthermore, the length of the end portions 
of the winding sub-portions can be shortened, enabling 
5 the operations of pulling around and bending the end 
portions of the winding sub-portions to be significantly 
alleviated. 

[0069] Because the neutral points of each phase are 
formed using the metal neutral-point connection termi- 

10 nal 101, clamps for securing the end portions of the 
winding sub-portions constituting the neutral points are 
no longer required, enabling the number of parts to be 
reduced. Furthermore, the length of the end portions of 
the winding sub-portions constituting the neutral points 

15 can be shortened, enabling the operations of pulling 
around and bending the end portions of the winding sub- 
portions to be significantly alleviated. 
[0070] Because the neutral-point leads 1 01 b are dis- 
posed in the metal neutral-point connection terminals 

20 101, there is no need to provide separate leads for out- 
putting neutral-point current from the three-phase alter- 
nating-current windings 160, enabling the connection 
operation to be improved. 

[0071] Because the metal neutral-point connection 
25 terminal 1 01 and the metal crossover connection termi- 
nals 1 02 are integrated by the electrically-insulative res- 
in 103, the process of positioning the terminals in the 
alternating-current connecting operation of one three- 
phase alternating-current winding 1 60 only needs to be 
30 performed once, enabling a reduction in the number of 
operations. 

[0072] Because the two winding assemblies 90A and 
90B which are composed of continuous wire can be 
lined up in two rows and inserted into the slots 15a of 
35 the stator core 15, assembly is significantly improved 
compared to the conventional art in which a large 
number of conductor segments 54 are inserted into the 
slots separately. 

[0073] Increases in the number of turns in the stator 

40 winding can be easily adapted for by lining up the 
straight portions 30b of the winding assemblies 90A and 
90B which are composed of continuous strands of wire 
relative to one another and installing them so that they 
stack up on top of each other. 

45 [0074] The stator 8 according to Embodiment 1 can 
be prepared by inserting the winding assemblies 90A 
and 90B which are composed of continuous wire into 
the slots 36a in the parallelepiped core 36 through the 
opening portions 36b and then rolling the parallelepiped 

so core 36 into an annular shape. Thus, because the open 
dimensions of the opening portions 36b of the slots 36a 
can be made larger than the dimensions of the strands 
of wire 30 in the width direction of the slots, the operation 
of inserting the winding assemblies 90A and 90B is im- 

55 proved. Furthermore, because the open dimensions of 
the opening portions 36b of the parallelepiped core 36 
can be made smaller than the dimensions of the strands 
of wire 30 in the width direction of the slots when the 
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parallelepiped core 36 is rolled up, the space factor is 
increased, enabling output to be improved. In addition, 
even if the number of slots is increased, the productivity 
of the stator will not deteriorate. Furthermore, because 
there is no need to push the strands of wire 30 into the 
slots 15a along the axial direction of the stator core 15 
as was the case with the conductor segments 54, dam- 
age to the insulative coating on the strands of wire 30 
does not occur easily, enabling high yield to be realized. 
[0075] The effects achieved by installing the stator 8 
constructed in the above manner into an alternator will 
be described below. 

[0076] Because the coil ends are constituted by the 
turn portions 30a of the strands of wire 30, the number 
of joints in the coil end groups 16a and 16b is signifi- 
cantly reduced. Thus, the conductors are not softened 
by welding, raising the rigidity of the stator as a whole 
and enabling magnetic noise to be reduced. 
[0077] The coil end groups 1 6a and 1 6b are construct- 
ed by arranging the turn portions 30a in rows circumfer- 
entially. Thus, compared to the conventional coil end 
groups in which the end portions 54b of the conductor 
segments 54 were joined to each other, the height to 
which the coil end groups extend outwards from the sta- 
tor core 1 5 can be reduced. Thus, wind resistance in the 
coil end groups 16a and 16b is reduced, enabling the 
reduction of wind noise due to the rotation of the rotor 
7. Coil leakage reactance in the coil ends is also re- 
duced, improving output and efficiency. 
[0078] Four strands of wire 30 are arranged so as to 
line up in a row radially within each slot 1 5a, and the turn 
portions 30a are arranged to line up in two rows circum- 
ferentially. Thus, the turn portions 30a constituting the 
coil end groups 16a and 16b are each divided into two 
rows radially, enabling the height to which the coil end 
groups 16a and 16b extend outwards from the stator 
core 15 to be reduced. As a result, wind resistance in 
the coil end groups 16a and 16b is reduced, enabling 
the reduction of wind noise due to the rotation of the 
rotor 7. 

[0079] The turn portions 30a which fold back at the 
end surfaces of the stator core 15 each connect two 
straight portions 30b disposed in different layers in dif- 
ferent slots 15a six slots apart. Thus, because interfer- 
ence between the coil ends in each phase is suppressed 
and the space factor of the stator winding is increased, 
increased output can be achieved. Furthermore, each 
of the turn portions 30a can be easily formed into a gen- 
erally identical shape. Because circumferential irregu- 
larities on radially inner edge surfaces of the coil end 
groups 1 6a and 1 6b can be suppressed by forming each 
of the turn portions 30a into a generally identical shape, 
that is, by forming the turn portions 30a which constitute 
the coil end groups 16a and 16b into a generally identi- 
cal shape circumferentially, wind noise generated be- 
tween the rotor 7 and the coil end groups 16a and 16b 
can be reduced. Furthermore, leak inductance becomes 
uniform, stabilizing output. Furthermore, because the 



turn portions 30a are spaced in the circumferential di- 
rection, and the spaces between the turn portions 30a 
in the circumferential direction are formed to be gener- 
ally identical, the passage of cooling air inside the coil 
5 end groups 1 6a and 1 6b is facilitated, improving cooling 
and reducing noise due to interference between the 
cooling air and the coil ends. 

[0080] Because the turn portions 30a are formed with 
a generally identical shape and arranged in rows in the 

io circumferential direction, heat dissipation from each of 
the turn portions 30a is even, and in addition, heat dis- 
sipation from each of the coil end groups 16a and 16b 
is also even. Thus, heat generated in the stator winding 
16 is radiated uniformly from each of the turn portions 

15 30a and radiated uniformly from both coil end groups 
16a and 16b, improving the cooling of the stator winding 
16. 

[0081] Because the open dimensions of the opening 
portions 15b of the slots 15a are constructed so as to 

20 be smaller than the dimensions of the strands of wire 30 
in the width direction of the slots 1 5a, the strands of wire 
30 are prevented from popping out of the slots 15a to- 
wards the radial inside, and noise at the opening por- 
tions 15b due to interference with the rotor 7 can be re- 

25 duced. 

[0082] Because the straight portions 30b are formed 
with a rectangular cross section, the cross-sectional 
shape of the straight portions 30b fits neatly into the 
shape of the slots 15a when the straight portions 30b 

30 are housed inside the slots 1 5a. Thus, the space factor 
of the strands of wire 30 inside the slots 15a is easily 
increased, enabling improved transfer of heat from the 
strands of wire 30 to the stator core 15. Because the 
strands of wire 30 are formed with a rectangular cross 

35 section, the surface area radiating heat from the turn 
portions 30a constituting the coil ends is increased, ef- 
ficiently radiating heat generated by the stator winding 
16. In addition, by disposing the long sides of the rec- 
tangular cross section parallel to the radial direction, 

*o gaps can be ensured between the turn portions 30b, 
making it possible for the cooling air to pass inside the 
coil end groups 16a and 16b and reducing wind resist- 
ance in the radial direction. Here in Embodiment 1 , the 
strands of wire 30 are formed into a rectangular cross 

45 section, but the cross-sectional shape of the strands of 
wire 30 is not limited to a rectangular cross section and 
may be any generally flattened shape such as an elon- 
gated elliptical shape in which the short sides of a rec- 
tangle are made into arcs, or an oblong shape, etc. 

so [0083] The rotor 7 has sixteen magnetic poles, and 
ninety-six (96) slots 15a are formed at even pitch in the 
stator core 15. In other words, because the number of 
slots housing the stator winding 16 is two per pole per 
phase, and there are two three-phase alternating-cur- 

55 rent windings 160 disposed so as to have a mutual 
phase difference, the magnetomotive wave form can be 
made to approximate a sinusoidal wave, reducing high- 
er harmonic wave components and enabling the 
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achievement of stable output. 
[0084] As shown in Figure 7, the two three-phase al- 
ternating-current windings 1 60 are constructed by form- 
ing three stator winding phase portions 161 into each of 
two star connections, each of the three stator winding 5 
phase portions 1 61 being constructed by connecting the 
first to fourth winding sub-portions 31 to 34 in series, 
each of these two three-phase alternating-current wind- 
ings 160 is connected to its own rectifier 12, and in ad- 
dition, the outputs from the two rectifiers 1 2 are connect- 10 
ed in parallel. Thus, the direct current outputs of the two 
three-phase alternating-current windings 160 can be 
combined and extracted, solving the problem of insuffi- 
cient power generation in low rotational frequency re- 
gions. 15 
[0085] Because the neutral points (N) of the three- 
phase alternating-current windings 160 are connected 
to the output terminals of the rectifiers 1 2 through diodes 
29, large fluctuations in neutral-point voltage can be ef- 
fectively used to enable improved output in regions 20 
where the rotational speed exceeds 2000 rpm, especial- 
ly in excess of 2500 rpm. 

[0086] Because the height of the coil end groups 1 6a 
and 16b is low and there are not many joint portions, 
noise caused by interference between the coil end 25 
groups 16a and 16b and the cooling airflow formed by 
the fans 5 due to rotation of the rotor 7 is reduced. Be- 
cause the shape of both coil end groups 1 6a and 16b is 
generally identical and the fans 5 are disposed on both 
ends of the rotor 7, the coil end groups 1 6a and 1 6b are 30 
cooled in a balanced manner, reducing the temperature 
of the stator winding uniformly and greatly. 
[0087] Now, the fans 5 do not have to be disposed on 
both ends of the rotor 7 t they may be disposed in con- 
sideration of the stator winding or the positions of the 35 
rectifiers which are large heat-generating bodies. For 
example, the coil ends of the stator winding which are 
large heat generating bodies can be disposed on the 
discharge side of a fan with a large cooling speed, and 
a fan disposed on an end portion of the rotor at the end to 
where the rectifiers are disposed. Furthermore, when 
mounted to an automotive engine, because the pulley 
is normally connected to a crankshaft by means of a belt, 
the fan may be disposed at the end away from the pulley 
so that the cooling exhaust from the fan does not affect 45 
the belt. Moreover, shoulder portions of the claw-shaped 
magnetic poles of the rotor have a wind conveying ac- 
tion and can be used as a cooling means. 
[0088] Because the direction of inclination of the 
strands of wire 30 constituting the inner circumferential so 
side of the coil end group 1 Ga is parallel to the direction 
of inclination of the strands of wire 30 constituting the 
inner circumferential side of the coil end group 1 6b, axial 
flow of cooling air through the case 3 turns along the 
direction of inclination of the strands of wire 30. Thus, 55 
the axial airflow generated by the rotation of the rotor 7 
is controlled. 

[0089] In other words, if the strands of wire 30 consti- 



tuting the inner circumferential side of the coil end 
groups 16a and 16b are inclined along the direction re- 
sulting from the combination of a component of the cool- 
ing airflow in a direction of rotation of the rotor 7 and a 
component of the axial flow of the cooling air, axial flow 
of the cooling air is promoted. Thus, because the rotor 
coil 13 is efficiently cooled, the temperature of the rotor 
coil 13 decreases, enabling the field current to be in- 
creased and output improved. In that case, because the 
strands of wire 30 constituting the inner circumferential 
side of the coil end groups 16a and 16b are inclined 
along the component of the axial flow of cooling air, wind 
noise due to interference is also reduced. 
[0090] On the other hand, if the strands of wire 30 con- 
stituting the inner circumferential side of the coil end 
groups 1 Ga and 1 6b are inclined along the direction re- 
sulting from the combination of a component of the cool- 
ing airflow in a direction of rotation of the rotor 7 and a 
component against the axial flow of the cooling air, axial 
flow of the cooling air is reduced. Thus, the amount of 
air discharged radially is increased, improving the cool- 
ing of the coil ends disposed on the discharge side. 
[0091 ] Because the axial length of the stator 8, includ- 
ing the coil ends, is shorter than the pole cores 20 and 
21 , compactness can be achieved. When fans 5 are dis- 
posed on both end portions of the rotor 7, because there 
are no coil ends on the discharge side of the fans, wind 
resistance is significantly reduced, thereby reducing 
wind noise and suppressing temperature increases in 
internal parts requiring cooling, such as the rectifiers 12. 
[0092] Moreover, in Embodiment 1 above, the metal 
neutral-point connection terminals 101 and the metal 
crossover connection terminals 102 are integrated by 
electrically-insulative resin 103, but it is not necessary 
for the terminals 101 and 102 to be integrated. In that 
case, the fact that there are more terminals to position 
is a disadvantage, but the other effects can still be 
achieved. 

[0093] Furthermore, in Embodiment 1 above, the 
same-address crossover connections of each phase 
are disposed at a pitch of eight slots circumferentially, 
but mutual contact can be avoided if the same-address 
crossover connections of each phase are disposed at a 
pitch of 4n or more, where n is the number of slots per 
pole per phase. 

Embodiment 2 

[0094] Figure 17 is an end elevation explaining con- 
nections among three stator winding phase portions in 
an automotive alternator according to Embodiment 2 of 
the present invention; 

[0095] In Figure 17, in the wire-strand groups wound 
into a slot group including slot numbers 1 , 7, .... and 91 , 
a crossover connection (adjacent-address crossover 
connection C 2 . 3 ) is formed between a second end por- 
tion 31b of the first winding sub-portion 31 extending 
outwards from the second address of slot number 67 
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and a first end portion 33a of the third winding sub-por- 
tion 33 extending outwards from the third address of slot 
number 61 , and a crossover connection (adjacent-ad- 
dress crossover connection C2.3) is formed between a 
second end portion 32b of the second winding sub-por- 
tion 32 extending outwards from the second address of 
slot number 61 and a first end portion 34a of the fourth 
winding sub-portion 34 extending outwards from the 
third address of slot number 55, and in addition, a cross- 
over connection (same-address crossover connection 
C,^) is formed between a first end portion 31a of the 
first winding sub-portion 31 extending outwards from the 
first address of slot number 61 and a first end portion 
32a of the second winding sub-portion 32 extending out- 
wards from the first address of slot number 55. Thus, 
the first to fourth winding sub-portions 31 to 34 are con- 
nected in series to form one stator winding phase portion 
161 having four turns, namely, the stator winding a- 
phase portion. 

[0096] At this time, a second end portion 33b of the 
third winding sub-portion 33 extending outwards from 
the fourth address of slot number 67 and a second end 
portion 34b of the fourth winding sub-portion 34 extend- 
ing outwards from the fourth address of slot number 61 
become an output wire (Oa) and a neutral point (Na), 
respectively, of the stator winding a-phase portion. 
[0097] Similarly, in the wire-strand groups wound into 

a slot group including slot numbers 3, 9 and 93, a 

crossover connection (adjacent-address crossover con- 
nection C2.3) is formed between a second end portion 
32b of the second winding sub-portion 32 extending out- 
wards from the second address of slot number 63 and 
a first end portion 34a of the fourth winding sub-portion 
34 extending outwards from the third address of slot 
number 57, and a crossover connection (adjacent-ad- 
dress crossover connection C 2 . 3 ) is formed between a 
second end portion 31 b of the first winding sub-portion 
31 extending outwards from the second address of slot 
number 57 and a first end portion 33a of the third winding 
sub-portion 33 extending outwards from the third ad- 
dress of slot number 51, and in addition, a crossover 
connection (same-address crossover connection C 4 ^) 
is formed between a second end portion 34b of the 
fourth winding sub-portion 34 extending outwards from 
the fourth address of slot number 63 and a second end 
portion 33b of the third winding sub-portion 33 extending 
outwards from the fourth address of slot number 57. 
Thus, the first to fourth winding sub-portions 31 to 34 
are connected in series to form a stator winding b-phase 
portion having four turns. A first end portion 31 a of the 
first winding sub-portion 31 extending outwards from the 
first address of slot number 51 and a first end portion 
32a of the second winding sub-portion 32 extending out- 
wards from the first address of slot number 57 become 
an output wire (Ob) and a neutral point (Nb), respective- 
ly, of the stator winding b-phase portion. 
[0098] in addition, in the wire-strand groups wound in- 
to a slot group including slot numbers 5, 11 , .... and 95, 



a crossover connection (adjacent-address crossover 
connection C 2 .^ is formed between a second end por- 
tion 31b of the first winding sub-portion 31 extending 
outwards from the second address of slot number 59 
s and a first end portion 33a of the third winding sub-por- 
tion 33 extending outwards from the third address of slot 
number 53, and a crossover connection (adjacent-ad- 
dress crossover connection C 2 . 3 ) is formed between a 
second end portion 32b of the second winding sub-por- 
tion 32 extending outwards from the second address of 
slot number 53 and a first end portion 34a of the fourth 
winding sub-portion 34 extending outwards from the 
third address of slot number 47, and in addition, a cross- 
over connection (same-address crossover connection 
C V1 ) is formed between a first end portion 31a of the 
first winding sub-portion 31 extending outwards from the 
first address of slot number 53 and a first end portion 
32a of the second winding sub-portion 32 extending out- 
wards from the first address of slot number 47. Thus, 
the first to fourth winding sub-portions 31 to 34 are con- 
nected in series to form a stator winding c-phase portion 
having four turns. A second end portion 33b of the third 
winding sub-portion 33 extending outwards from the 
fourth address of slot number 59 and a second end por- 
tion 34b of the fourth winding sub-portion 34 extending 
outwards from the fourth address of slot number 53 be- 
come an output wire (Oc) and a neutral point (Nc), re- 
spectively, of the stator winding c-phase portion. 
[0099] The same-address crossover connections 
Cj.j in the stator winding a-phase portion and the stator 
winding c-phase portion are in the first address, and the 
same-address crossover connection C 4 ^ in the stator 
winding b-phase. portion is in the fourth address. The 
same-address crossover connections in each phase are 
disposed at a pitch of four slots from each other. The 
three output wires Oa, Ob, and Oc are also disposed at 
a pitch of four slots from each other, and in addition the 
three neutral points Na, Nb, and Nc are also disposed 
at a pitch of four slots from each other. 
[0100] In the wire-strand groups wound into a slot 
group including slot numbers 2, 8, and 92, a stator 
winding a'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30, in the wire-strand 
groups wound into a slot group including slot numbers 
4, 10, .... and 94, a stator winding b'-phase portion is 
formed by similarly connecting each of the strands of 
wire 30, and in the wire-strand groups wound into a slot 

group including slot numbers 6, 12 and 96, a stator 

winding c'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30. 
[0101] Moreover, the rest of the construction is the 
same as in Embodiment 1 above. 
[0102] In Embodiment 2, because the same-address 
crossover connections in each phase of the three-phase 
alternating-current windings are formed in addresses 
different from adjacent phases and are disposed at a 
pitch of four slots, the connecting operation is improved 
and increases in the height of the coil ends can be sup- 
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pressed. 

[0103] Furthermore, because the same-address 
crossover connections in each phase of the three-phase 
alternating-current windings are disposed at a pitch of 
four slots, the connecting operation area is more con- 
centrated than in Embodiment 1 above, enabling the 
connecting operation to be improved. 
[0104] Moreover, in Embodiment 2 above, the same- 
address crossover connections of each phase are dis- 
posed at a pitch of four slots circumferentially, but mu- 
tual contact can be avoided if the same-address cross- 
over connections in each phase of the three-phase al- 
ternating-current windings are formed in different ad- 
dresses from adjacent phases and same-address 
crossover connections of each phase are disposed at a 
pitch of 2n or more, where n is the number of slots per 
pole per phase. 

Embodiment 3 

[0105] Figure 18 is an end elevation explaining con- 
nections among three stator winding phase portions in 
an automotive alternator according to Embodiment 3 of 
the present invention; 

[0106] In Figure 18, in the wire-strand groups wound 

into a slot group including slot numbers 1 , 7 and 91 , 

a crossover connection (adjacent-address crossover 
connection C 2 . 3 ) is formed between a second end por- 
tion 31b of the first winding sub-portion 31 extending 
outwards from the second address of slot number 67 
and a first end portion 33a of the third winding sub-por- 
tion 33 extending outwards from the third address of slot 
number 61 , and a crossover connection (same-address 
crossover connection C 4 . 4 ) is formed between a second 
end portion 33b of the third winding sub-portion 33 ex- 
tending outwards from the fourth address of slot number 
67 and a second end portion 34b of the fourth winding 
sub-portion 34 extending outwards from the fourth ad- 
dress of slot number 61 , and in addition, a crossover 
connection (same-address crossover connection C^) 
is formed between a first end portion 31a of the first 
winding sub-portion 31 extending outwards from the first 
address of slot number 61 and a first end portion 32a of 
the second winding sub-portion 32 extending outwards 
from the first address of slot number 55. Thus, the first 
to fourth winding sub-portions 31 to 34 are connected 
in series to form one stator winding phase portion 161 
having four turns, namely, the stator winding a-phase 
portion. 

[0107] At this time, a second end portion 32b of the 
second winding sub-portion 32 extending outwards from 
the second address of slot number 61 and a first end 
portion 34a of the fourth winding sub-portion 34 extend- 
ing outwards from the third address of slot number 55 
become an output wire (Oa) and a neutral point (Na), 
respectively, of the stator winding a-phase portion. 
[0108] Similarly, in the wire-strand groups wound into 
a slot group including slot numbers 5, 11 and 95, a 



crossover connection (adjacent-address crossover con- 
nection C 2 . 3 ) is formed between a second end portion 
31b of the first winding sub-portion 31 extending out- 
wards from the second address of slot number 59 and 
s a first end portion 33a of the third winding sub-portion 

33 extending outwards from the third address of slot 
number 53, and a crossover connection (same-address 
crossover connection C 4 ^) is formed between a second 
end portion 33b of the third winding sub-portion 33 ex- 

10 tending outwards from the fourth address of slot number 
59 and a second end portion 34b of the fourth winding 
sub-portion 34 extending outwards from the fourth ad- 
dress of slot number 53, and in addition, a crossover 
connection (same-address crossover connection C V1 ) 

15 is formed between a first end portion 31a of the first 
winding sub-portion 31 extending outwards from the first 
address of slot number 53 and a first end portion 32a of 
the second winding sub-portion 32 extending outwards 
from the first address of slot number 47. Thus, the first 

20 to fourth winding sub-portions 31 to 34 are connected 
in series to form a stator winding b-phase portion having 
four turns. A second end portion 32b of the second wind- 
ing sub-portion 32 extending outwards from the second 
address of slot number 53 and a first end portion 34a of 

25 the fourth winding sub-portion 34 extending outwards 
from the third address of slot number 47 become an out- 
put wire (Ob) and a neutral point (Nb), respectively, of 
the stator winding b-phase portion. 
[0109] Similarly, in the wire-strand groups wound into 

30 a slot group including slot numbers 3, 9, and 93, a 
crossover connection (adjacent-address crossover con- 
nection C 2 . 3 ) is formed between a second end portion 
32b of the second winding sub-portion 32 extending out- 
wards from the second address of slot number 51 and 

35 a first end portion 34a of the fourth winding sub-portion 

34 extending outwards from the third address of slot 
number 45, and a crossover connection (same-address 
crossover connection C 4 . 4 ) is formed between a second 
end portion 34b of the fourth winding sub-portion 34 ex- 

40 tending outwards from the fourth address of slot number 
51 and a second end portion 33b of the third winding 
sub-portion 33 extending outwards from the fourth ad- 
dress of slot number 45, and in addition, a crossover 
connection (same-address crossover connection C M ) 

45 is formed between a first end portion 32a of the second 
winding sub-portion 32 extending outwards from the first 
address of slot number 45 and a first end portion 31 a of 
the first winding sub-portion 31 extending outwards from 
the first address of slot number 39. Thus, the first to 

so fourth winding sub-portions 31 to 34 are connected in 
series to form a stator winding c-phase portion having 
four turns. A second end portion 31 b of the first winding 
sub-portion 31 extending outwards from the second ad- 
dress of slot number 45 and a first end portion 33a of 

55 the third winding sub-portion 33 extending outwards 
from the third address of slot number 39 become an out- 
put wire (Oc) and a neutral point (Nc), respectively, of 
the stator winding c-phase portion. 
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[01 1 0] In the stator winding a-phase portion, the stator 
winding b-phase portion, and the stator winding c-phase 
portion of the above construction, two same-address 
crossover connections C 1 . l and C 4wJ are provided in 
each phase. The same-address crossover connections 5 
C M are disposed at a pitch of eight slots from each oth- 
er, and the same-address crossover connections C 4 ^ 
are disposed at a pitch of eight slots from each other. 
The three output wires Oa, Ob, and Oc are also dis- 
posed at a pitch of eight slots from each other, and in 10 
addition the three neutral points Na, Nb, and Nc are also 
disposed at a pitch of eight slots from each other. 
[0111] In the wire-strand groups wound into a slot 
group including slot numbers 2, 8, .... and 92, a stator 
winding a'-phase portion is formed by similarly connect- is 
ing each of the strands of wire 30, in the wire-strand 
groups wound into a slot group including slot numbers 
6, 12, .... and 96, a stator winding b'-phase portion is 
formed by similarly connecting each of the strands of 
wire 30, and in the wire-strand groups wound into a slot 20 
group including slot numbers 4, 10, .... and 94, a stator 
winding c'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30. 
[0112] Moreover, the rest of the construction is the 
same as in Embodiment 1 above. 25 
[0113] Consequently, in Embodiment 3, because the 
same-address crossover connections of each phase of 
the three-phase alternating-current winding are dis- 
posed at a pitch of eight slots, the same-address cross- 
over connections can also be positioned without coming 30 
into contact with each other. 

Embodiment 4 

[0114] Figure 19 is an end elevation explaining con- 35 
nections in one stator winding phase portion in an auto- 
motive alternator according to Embodiment 4 of the 
present invention. 

[01 1 5] In Figure 1 9, one stator winding phase portion 
1 61 A is composed of first to sixth winding sub-portions *o 
31 to 36 each formed from one strand of wire 30. The 
first winding sub-portion 31 is formed by wave winding 
one strand of wire 30 into every sixth slot from slot num- 
bers 1 to 91 so as to alternately occupy the first address 
and the second address inside the slots 15a. The sec- 45 
ond winding sub-portion 32 is formed by wave winding 
a strand of wire 30 into every sixth slot from slot numbers 
1 to 91 so as to alternately occupy the second address 
and the first address inside the slots 1 5a. The third wind- 
ing sub-portion 33 is formed by wave winding a strand so 
of wire 30 into every sixth slot from slot numbers 1 to 91 
so as to alternately occupy the third address and the 
fourth address inside the slots 15a. The fourth winding 
sub-portion 32 is formed by wave winding a strand of 
wire 30 into every sixth slot from slot numbers 1 to 91 55 
so as to alternately occupy the fourth address and the 
third address inside the slots 1 5a. The fifth winding sub- 
portion 35 is formed by wave winding a strand of wire 



30 into every sixth slot from slot numbers 1 to 91 so as 
to alternately occupy a fifth address and a sixth address 
inside the slots 15a. The sixth winding sub-portion 36 is 
formed by wave winding a strand of wire 30 into every 
sixth slot from slot numbers 1 to 91 so as to alternately 
occupy the sixth address and the fifth address inside the 
slots 15a. 

[01 16] Thus, each of the first to sixth winding sub-por- 
tions 31 to 36 constitutes a winding sub-portion having 
one turn in which a single strand of wire 30 is wound into 
every sixth slot 1 5a so as to alternately occupy an inner 
layer and an outer layer in a slot depth direction. 
[01 17] At a first end of the stator core 1 5, a crossover 
connection (adjacent-address crossover connection 
C 2 . 3 ) is formed between a second end portion 31 b of the 
first winding sub-portion 31 extending outwards from the 
second address of slot number 67 and a first end portion 
33a of the third winding sub-portion 33 extending out- 
wards from the third address of slot number 61 , a cross- 
over connection (adjacent-address crossover connec- 
tion C 4 . 5 ) is formed between a second end portion 33b 
of the third winding sub-portion 33 extending outwards 
from the fourth address of slot number 67 and a first end 
portion 35a of the fifth winding sub-portion 35 extending 
outwards from the fifth address of slot number 61, a 
crossover connection (adjacent-address crossover con- 
nection C 2 . 3 ) is formed between a second end portion 
32b of the second winding sub-portion 32 extending out- 
wards from the second address of slot number 61 and 
a first end portion 34a of the fourth winding sub-portion 
34 extending outwards from the third address of slot 
number 55, and in addition, a crossover connection (ad- 
jacent-address crossover connection C 4 . 5 ) is formed 
between a second end portion 34b of the fourth winding 
sub-portion 34 extending outwards from the fourth ad- 
dress of slot number 61 and a first end portion 36a of 
the sixth winding sub-portion 36 extending outwards 
from the fifth address of slot number 55, and in addition, 
a crossover connection (same-address crossover con- 
nection C^) is formed between a first end portion 31a 
of the first winding sub-portion 31 extending outwards 
from the first address of slot number 61 and a first end 
portion 32a of the second winding sub-portion 32 ex- 
tending outwards from the first address of slot number 
55. Thus, the first to sixth winding sub-portions 31 to 36 
are connected in series to form one stator winding phase 
portion 1 61 A having six turns, namely, the stator winding 
a-phase portion. 

[0118] At this time, a second end portion 35b of the 
fifth winding sub-portion 35 extending outwards from the 
sixth address of slot number 67 and a second end por- 
tion 3Gb of the sixth winding sub-portion 36 extending 
outwards from the sixth address of slot number 61 be- 
come an output wire (Oa) and a neutral point (Na), re- 
spectively, of one stator winding phase portion 161 A. 
[01 19] In addition, in the wire-strand groups wound in- 
to a slot group including slot numbers 5, 1 1 , .... and 95, 
as shown in Figure 20, a crossover connection (adja- 
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cent-address crossover connection C2.3) is formed be- 
tween a second end portion 31 b of the first winding sub- 
portion 31 extending outwards from the second address 
of slot number 59 and a first end portion 33a of the third 
winding sub-portion 33 extending outwards from the 5 
third address of slot number 53, and a crossover con- 
nection (adjacent-address crossoverconnection C 4 . 5 ) is 
formed between a second end portion 33b of the third 
winding sub-portion 33 extending outwards from the 
fourth address of slot number 59 and a first end portion 10 
35a of the fifth winding sub-portion 35 extending out- 
wards from the fifth address of slot number 53, a cross- 
over connection (adjacent-address crossover connec- 
tion C 2 . 3 ) is formed between a second end portion 32b 
of the second winding sub-portion 32 extending out- 15 
wards from the second address of slot number 53 and 
a first end portion 34a of the fourth winding sub-portion 
34 extending outwards from the third address of slot 
number 47, and in addition, a crossoverconnection (ad- 
jacent-address crossover connection C 4 _ 5 is formed be- 20 
tween a second end portion 34b of the fourth winding 
sub-portion 34 extending outwards from the fourth ad- 
dress of slot number 53 and a first end portion 36a of 
the sixth winding sub-portion 36 extending outwards 
from the fifth address of slot number 47, and in addition, 25 
a crossover connection (same-address crossover con- 
nection C V1 ) is formed between a first end portion 31a 
of the first winding sub-portion 31 extending outwards 
from the first address of slot number 53 and a first end 
portion 32a of the second winding sub-portion 32 ex- 30 
tending outwards from the first address of slot number 
47. Thus, the first to sixth winding sub-portions 31 to 36 
are connected in series to form a stator winding b-phase 
portion having six turns. 

[0120] At this time, a second end portion 35b of the 35 
fifth winding sub-portion 35 extending outwards from the 
sixth address of slot number 59 and a second end por- 
tion 36b of the sixth winding sub-portion 36 extending 
outwards from the sixth address of slot number 53 be- 
come an output wire (Ob) and a neutral point (Nb), re- *o 
spectively, of the stator winding b-phase portion. 
[0121] In addition, in the wire-strand groups wound in- 
to a slot group including slot numbers 3, 9, and 93, 
as shown in Figure 20, a crossover connection (adja- 
cent-address crossover connection C2.3) is formed be- 45 
tween a second end portion 32b of the second winding 
sub-portion 32 extending outwards from the second ad- 
dress of slot number 51 and a first end portion 34a of 
the fourth winding sub-portion 34 extending outwards 
from the third address of slot number 45, a crossover so 
connection (adjacent-address crossover connection 
C4.5) is formed between a second end portion 34b of the 
fourth winding sub-portion 34 extending outwards from 
the fourth address of slot number 51 and a first end por- 
tion 36a of the sixth winding sub-portion 36 extending ss 
outwards from the fifth address of slot number 45, and 
a crossover connection (adjacent-address crossover 
connection C 2 . 3 ) is formed between a second end por- 



tion 31b of the first winding sub-portion 31 extending 
outwards from the second address of slot number 45 
and a first end portion 33a of the third winding sub-por- 
tion 33 extending outwards from the third address of slot 
number 39, a crossover connection (adjacent-address 
crossover connection C 4 . 5 is formed between a second 
end portion 33b of the third winding sub-portion 33 ex- 
tending outwards from the fourth address of slot number 
45 and a first end portion 35a of the fifth winding sub- 
portion 35 extending outwards from the fifth address of 
slot number 39, and in addition, a crossover connection 
(same-address crossover connection C^) is formed 
between a first end portion 32a of the second winding 
sub-portion 32 extending outwards from the first ad- 
dress of slot number 45 and a first end portion 31a of 
the first winding sub-portion 31 extending outwards from 
the first address of slot number 39. Thus, the first to sixth 
winding sub-portions 31 to 36 are connected in series 
to form a stator winding c-phase portion having six turns. 
[0122] At this time, a second end portion 36b of the 
sixth winding sub-portion 36 extending outwards from 
the sixth address of slot number 51 and a second end 
portion 35b of the fifth winding sub-portion 35 extending 
outwards from the sixth address of slot number 45 be- 
come an output wire (Oc) and a neutral point (Nc), re- 
spectively, of the stator winding c-phase portion. 
[0123] In the wire-strand groups wound into a slot 
group including slot numbers 2, 8, .... and 92, a stator 
winding a'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30, in the wire-strand 
groups wound into a slot group including slot numbers 

6, 12 and 96, a stator winding b'-phase portion is 

formed by similarly connecting each of the strands of 
wire 30, and in the wire-strand groups wound into a slot 
group including slot numbers 4, 10, .... and 94, a stator 
winding c'-phase portion is formed by similarly connect- 
ing each of the strands of wire 30. 
[0124] Moreover, the rest of the construction is the 
same as in Embodiment 1 above. 
[0125] In Embodiment 4, two winding assemblies 90A 
and one winding assembly 90B are installed in the stator 
core 15 in three rows in a radial direction. Connections 
are made between the winding sub-portions in one 
winding assembly 90A by one same-address crossover 
connection (Cj.j), and connections are made between 
adjacent winding assemblies 90A and between the 
winding assemblies 90A and 90B by four adjacent-ad- 
dress crossover connections (C 2 . 3 , C 4 _ 5 ) to form one 
stator winding phase portion 1 61 A having six turns. The 
same-address crossover connections (C V1 ) in each 
phase of the three-phase alternate-current windings are 
disposed at a pitch of eight slots from each other. Thus, 
the same effects can be achieved in Embodiment 4 as 
in Embodiment 1 above. 

Embodiment 5 

[0126] Figure 21 is a perspective showing a stator of 
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the automotive alternator according to Embodiment 5 of 
the present invention. 

[0127] In Figure 21 , coil ends of a stator winding are 
molded with an electrically-insulative resin 104 such as 
epoxy resin, and all joining portions of the winding are 
embedded in the electrically-insulative resin 104. 
[0128] Moreover, the rest of the construction is the 
same as in Embodiment 1 above. 
[01 29] According to Embodiment 5, because portions 
joining the first to fourth winding sub-portions 31 to 34 
to each other, adjacent-address crossover connections 
and same-address crossover connections, and also ter- 
minals 101 and 102 are embedded the electrically-insu- 
lative resin 104, insulation is improved and dislodge- 
ment of the joining portions is prevented, improving re- 
liability. 

[0130] Moreover, in each of the above embodiments, 
the fans 5 are disposed inside the case 3, but a fan may 
also be disposed outside the automotive alternator so 
as to rotate together with the rotation of the rotor. 
[0131] Each of the above embodiments has been ex- 
plained for six turns, four turns and two turns, but when 
even lower-speed output is required eight turns may be 
used. Such cases can also be adapted to simply by in- 
serting winding assemblies into the stator core 1 5 so as 
to line up in four rows radially. Naturally, odd numbers 
of turns may also be used. 

[0132] Each of the above embodiments can also be 
used in automotive alternators of the type in which the 
rotor coil is secured to a bracket and a rotating magnetic 
field is supplied across an air gap. 
[0133] In each of the above embodiments, the 
number of slots in the stator was ninety-six slots for six- 
teen magnetic poles, but three phases and seventy-two 
slots for twelve magnetic poles, 120 slots for twenty 
poles, etc., may also be adopted. Furthermore, in the 
case of one slot per pole per phase, there may also be 
forty-eight slots for sixteen poles, thirty-six slots for 
twelve poles, sixty slots for twenty poles, etc. 
[0134] In each of the above embodiments, the outer 
core of the stator core was constructed as a laminated 
body of SPCC material, but the outer core may be con- 
structed as a pipe-shaped solid body. 
[0135] The slot opening portions may also be nar- 
rowed after insertion of the winding groups into the slots 
of the parallelepiped core by plastically deforming the 
tooth ends by pressing them with a jig in a radial direc- 
tion. 

[0136] Each of the above embodiments used a Lun- 
dell-type rotor having claw-shaped magnetic poles, but 
the same effects can be achieved using a salient-type 
rotor having projecting magnetic poles. 
[0137] In each of the above embodiments, the rectifi- 
ers are disposed at the end of the rotor away from the 
pulley and the fan is disposed at the same end, but the 
fan may also be disposed at the end near the pulley. 
When there is no particular problem with the tempera- 
ture of the rectifiers, the fan may also be disposed at the 



end away from the pulley. Because the height of the coil 
ends of the stator is low, wind resistance on the dis- 
charge side in the wind channel of the fan is significantly 
reduced, increasing the overall amount of air. Conse- 

5 quently, suitable relative positions for the rectifiers, the 
pulley, and the fans may also be selected in considera- 
tion of the position where the alternator is mounted on 
the engine, and in consideration of wind noise, of mag- 
netic noise, and of the temperature conditions of each 

10 portion. 

[0138] In each of the above embodiments, the wind- 
ing is formed with the strands of wire spaced, but be- 
cause the strands of wire are coated with insulation, the 
winding may also be formed with the strands of wire 
completely in close proximity to each other. According 
to this construction, the density of the coil ends can be 
further increased, enabling the dimensions thereof to be 
further reduced. Furthermore, because by reducing the 
gaps between the strands of wire irregularities are also 
reduced, enabling wind noise to be reduced further. Be- 
cause the rigidity of the winding is also increased by con- 
tact between the strands of wire, short-circuiting be- 
tween the strands of wire and between the strands of 
wire and the core due to vibration can be reduced and 
magnetic noise can also be reduced. Because heat 
transfer between the strands of wire is improved, the 
temperature of the strands of wire becomes more uni- 
form, further reducing the temperature of the stator. 
[01 39] In each of the above embodiments, the insula- 
tors are inserted on the stator core side before the in- 
sertion of the wire-strand groups into the core, but the 
insulators may also first be wrapped around the portions 
of the strands of wire to be housed in the slots and in- 
serted into the core together with the wire-strand 
groups. Furthermore, a long strip of insulators may be 
placed on top of the parallelepiped core and the wire- 
strand groups inserted form above such that the insula- 
tors are simultaneously inserted into and housed inside 
the slots together with the wire-strand groups. In that 
case, at a later stage, the protruding insulators may be 
removed together in one step. In addition, the portions 
of the strands of wire to be housed in the slots may be 
pre-molded with insulating resin. In that case, mass-pro- 
ducibility is significantly improved. 
[01 40] In each of the above embodiments, the annular 
core prepared by rolling up the parallelepiped core is 
inserted into the outer core, then the two cores are in- 
tegrated by shrink fitting, but the annular core prepared 
by rolling up the parallelepiped core may be integrated 
with the outer core by press fitting the former into the 
latter. 

[0141] In each of the above embodiments, the stator 
core was formed by inserting the cylindrical core 37 into 
the outer core 38 and then shrink fitting the two cores, 
but a cylindrical core having a thick core back may be 
prepared, in which case the outer core 38 may be omit- 
ted. In the case where the stator core was formed by 
inserting the cylindrical core 37 into the outer core 38 
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then shrink fitting the two cores, a gap between the cy- 
lindrical core 37 and the outer core 38 is made, causing 
output to deteriorate, and the rigidity of the stator core 
is reduced, causing magnetic noise to worsen. In the 
case where the stator core was formed with only the cy- 
lindrical core having the thick core back, there is no 
abovementioned output deterioration due to the gap be- 
tween the cylindrical core 37 and the outer core 38, and 
there is no rigidity deterioration in the stator core due to 
constituting the stator core with the cylindrical core 37 
and the outer core 38, enabling increase in magnetic 
noise to be suppressed. Further, because the process 
for inserting the cylindrical core 37 into the outer core 
38 is omitted, the productivity of the stator is enhanced. 
[0142] In each of the above embodiments, copper 
wire material having a rectangular cross section is used 
in the strands of wire, but the strands of wire are not 
limited to copper wire material having a rectangular 
cross section, and may, for example, be copper wire ma- 
terial having a circular cross section. In that case, form- 
ability of the strands of wire is enhanced, facilitating 
easy placement and connection of the strands of wire, 
and improving the workability. Further, the strands of 
wire are not limited to copper wire material, and may, for 
example, be aluminium wire material. 
[0143] In each of the above embodiments, four 
strands of wire are arranged so as to line up in a row 
radially within each slot and the turn portions are ar- 
ranged to line up in two rows circumferentially, or six 
strands of wire are arranged so as to line up in a row 
radially within each slot and the turn portions are ar- 
ranged to line up in three rows circumferentially, but 
eight strands of wire may be arranged so as to line up 
in a row radially within each slot and the turn portions 
may be arranged to line up in four rows circumferentally. 
Because the more the number of the strands of wire 
lined up in a row radially within each slot and the number 
of the rows of the turn portions lined up circumferentially 
increase the more the number of the connection por- 
tions increase, the present invention can be used for the 
construction such that a large number of the strands of 
wire are arranged so as to line up in a row radially within 
each slot and the turn portions are arranged so as to 
line up in a large number of rows circumferentally. 
[0144] The present invention is constructed in the a 
bove manner and exhibits the effects described below. 
[0145] According to one aspect of the present inven- 
tion, there is provided a stator for an alternator including 
a cylindrical stator core composed of a laminated iron 
core formed with a number of slots extending axially at 
a predetermined pitch in a circumferential direction, and 
a stator winding including a number of winding sub-por- 
tions in each of which a long strand of wire is wound so 
as to alternately occupy an inner layer and an outer layer 
in a slot depth direction within the slots at intervals of a 
predetermined number of slots, the strand of wire folding 
back outside the slots at axial end surfaces of the stator 
core, wherein the winding sub-portions are constituted 



by at least one winding assembly composed of a pair of 
first and second winding groups, the first winding group 
including a number of first winding sub-portions each 
having one turn constructed by winding one of the 

5 strands of wire so as to alternately occupy an inner layer 
and an outer layer in a slot depth direction within the 
slots at intervals of the predetermined number of slots, 
the first winding sub-portions being disposed at a pitch 
of one slot from each other and being equal in number 

J0 to the predetermined number of slots, and the second 
winding group including a number of second winding 
sub-portions each having one turn constructed by wind- 
ing one of the strands of wire so as to alternately occupy 
an inner layer and an outer layer in a slot depth direction 

is within the slots at intervals of the predetermined number 
of slots and so as to be inversely wound and offset by 
an electrical angle of 180° relative to the first winding 
sub-portions, the second winding sub-portions being 
disposed at a pitch of one slot from each other and being 

20 equal in number to the predetermined number of slots, 
wherein the stator winding is constituted by a three- 
phase alternating-current winding occupying n slots per 
phase per pole in which there is a phase difference cor- 
responding to an electrical angle of 120° between each 

25 phase, and wherein the first winding sub-portions and 
the second winding sub-portions which constitute the 
same phase within the winding assembly are connected 
by same-address crossover connections at the same 
address in each phase, the same-address crossover 

30 connections of each phase being disposed at a slot pitch 
of 4n or more. Thus, the number of joints in the coil ends 
is significantly reduced, improving corrosion resistance 
and insulation, and a number of windings can be in- 
stalled in the stator core simultaneously as winding as- 

35 semblies, improving assembly and productivity. In addi- 
tion, the same-address crossover connections of each 
phase can be disposed circumferentially without con- 
tacting each other, enabling increases in the height of 
the coil ends to be suppressed. 

40 [0146] According to another aspect of the present in- 
vention, there is provided a stator for an alternator in- 
cluding a cylindrical stator core composed of a laminat- 
ed iron core formed with a number of slots extending 
axially at a predetermined pitch in a circumferential di- 

45 rection, and a stator winding including a number of wind- 
ing sub-portions in each of which a long strand of wire 
is wound so as to alternately occupy an inner layer and 
an outer layer in a slot depth direction within the slots at 
intervals of a predetermined number of slots, the strand 

so of wire folding back outside the slots at axial end surfac- 
es of the stator core, wherein the winding sub-portions 
are constituted by at least one winding assembly com- 
posed of a pair of first and second winding groups, the 
first winding group including a number of first winding 

55 sub-portions each having one turn constructed by wind- 
ing one of the strands of wire so as to alternately occupy 
an inner layer and an outer layer in a slot depth direction 
within the slots at intervals of the predetermined number 
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of slots, the first winding sub-portions being disposed at 
a pitch of one slot from each other and being equal in 
number to the predetermined number of slots, and the 
second winding group including a number of second 
winding sub-portions each having one turn constructed s 
by winding one of the strands of wire so as to alternately 
occupy an inner layer and an outer layer in a slot depth 
direction within the slots at intervals of the predeter- 
mined number of slots and so as to be inversely wound 
and offset by an electrical angle of 180° relative to the 10 
first winding sub-portions, the second winding sub-por- 
tions being disposed at a pitch of one slot from each 
other and being equal in number to the predetermined 
number of slots, wherein the stator winding is constitut- 
ed by a three-phase alternating-current winding occu- is 
pying n slots per phase per pole in which there is a phase 
difference corresponding to an electrical angle of 120° 
between each phase, and wherein the first winding sub- 
portions and the second winding sub-portions which 
constitute the same phase within the winding assembly 20 
are connected by same-address crossover connections 
at addresses different from adjacent phases, the same- 
address crossover connections of each phase being 
disposed at a slot pitch of 2n or more. Thus, the number 
of joints in the coil ends is significantly reduced, improv- 25 
ing corrosion resistance and insulation, and a number 
of windings can be installed in the stator core simulta- 
neously as winding assemblies, improving assembly 
and productivity. In addition, the same-address crosso- 
ver connections of each phase can be disposed circum- 30 
ferentially without contacting each other, enabling in- 
creases in the height of the coil ends to be suppressed. 
Furthermore, the arrangement of the same-address 
crossover connections of each phase can be concen- 
trated, improving the connecting operation. 35 
[0147] Because two winding assemblies may be in- 
stalled in the stator core so as to be aligned in two rows 
in a radial direction, and each phase constituting the 
three-phase alternating current winding may be consti- 
tuted by a winding portion having four turns in which first 40 
and second winding sub-portions wound into the same 
slot group are connected in series, a three-phase alter- 
nating current winding in which each phase is composed 
of a winding portion having four turns can be constructed 
simply. 45 
[0148] Because each phase constituting the three- 
phase alternating current winding may be constituted by 
a winding portion having four turns in which end portions 
of the first and second winding sub-portions are con- 
nected between the two winding assemblies by two ad- so 
jacent-address crossover connections, and end por- 
tions of the first and second winding sub-portions may 
be connected within one of the winding assemblies by 
one same-address crossover connection, the crossover 
connection portions have a simple construction, improv- ss 
ing the connecting operation. 

[0149] Because each phase constituting the three- 
phase alternating current winding may be constituted by 



a winding portion having four turns in which end portions 
of the first and second winding sub-portions are con- 
nected within each of the winding assemblies by one 
same-address crossover connection, and end portions 
of the first and second winding sub-portions are con- 
nected between the two winding assemblies by one ad- 
jacent-address crossover connection, the crossover 
connection portions have a simple construction, improv- 
ing the connecting operation. 
[01 50] Because three winding assemblies may be in- 
stalled in the stator core so as to be aligned in three rows 
in a radial direction, and each phase constituting the 
three-phase alternating current winding may be consti- 
tuted by a winding portion having six turns in which first 
and second winding sub-portions wound into the same 
slot group are connected in series, a three-phase alter- 
nating current winding in which each phase is composed 
of a winding portion having six turns can be constructed 
simply. 

[0151] Because the same-address crossover con- 
nection may be made using a metal crossover connec- 
tion terminal, clamps for securing the end portions of the 
winding sub-portions being connected are no longer re- 
quired, enabling the number of parts to be reduced, and 
the length of the end portions of the winding sub-por- 
tions being connected can be shortened, alleviating op- 
erations of pulling around and bending the end portions. 
[0152] Because end portions of the winding sub-por- 
tions constituting neutral points of the three-phase alter- 
nating-current winding may be connected using a metal 
neutral-point connection terminal, clamps for securing 
the end portions of the winding sub-portions being con- 
nected are no longer required, enabling the number of 
parts to be reduced, and the length of the end portions 
of the winding sub-portions being connected can be 
shortened, alleviating operations of pulling around and 
bending the end portions. 

[01 53] Because a neutral-point lead may be integrat- 
ed into the metal neutral-point connection terminal, 
there is no need to dispose a separate lead for output- 
ting neutral point current from the three-phase alternat- 
ing-current winding, improving the connecting opera- 
tion. 

[0154] Because the metal crossover connection ter- 
minal and the metal neutral-point connection terminal 
may be integrated by an electrically-insulative resin, the 
process of positioning the terminals in the alternating- 
current connecting operation only needs to be per- 
formed once, enabling a reduction in the number of op- 
erations. 

[0155] Because connection of the first and second 
winding sub-portions may be made by arc welding, great 
joint strength can be achieved, enabling reliability to be 
improved. 

[0156] Because a cross-sectional shape of the 
strands of wire may be a generally flattened shape, con- 
tact surface area at the joint portions can be increased, 
enabling joint strength to be increased. 
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[0157] Because a coil end of the stator winding may 
be molded in an electrically-insulative resin, the joint 
portions are embedded in the electrically-insulative res- 
in, improving corrosion resistance and insulation, and 
also preventing dislodgement of the joint portions as a 
result of vibration. 



Claims 

1 . A stator for an alternator, comprising: 



wherein said first winding sub-portions 
(31 ,33,35) and said second winding sub-por- 
tions (32,34,36) which constitute the same 
phase within said winding assembly (90.90A, 
s 90B) are connected by same-address crosso- 

ver connections (C^.C^) at the same ad- 
dress in each phase, said same-address cross- 
over connections of each phase being dis- 
posed at a slot pitch of 4n or more. 

10 

2. A stator for an alternator, comprising: 



a cylindrical stator core (15) composed of a 
laminated iron core formed with a number of 
slots (1 5a) extending axially at a predetermined 15 
pitch in a circumferential direction; and 
a stator winding (16) comprising a number of 
winding sub-portions (31-36) in each of which 
a long strand of wire (30) is wound so as to al- 
ternately occupy an inner layer and an outer 20 
layer in a slot depth direction within said slots 
(1 5a) at intervals of a predetermined number of 
slots, said strand of wire (30) folding back out- 
side said slots at axial end surfaces of said sta- 
tor core (15), 25 
wherein said winding sub-portions (31 -36) are 
constituted by at least one winding assembly 
(90,90A,90B) composed of a pair of first and 
second winding groups, said first winding group 
comprising a number of first winding sub-por- 30 
tions (31,33,35) each having one turn con- 
structed by winding one of said strands of wire 
(30) so as to alternately occupy an inner layer 
and an outer layer in a slot depth direction with- 
in said slots (1 5a) at intervals of said predeter- 35 
mined number of slots, said first winding sub- 
portions being disposed at a pitch of one slot 
from each other and being equal in number to 
said predetermined number of slots, and said 
second winding group comprising a number of *o 
second winding sub-portions (32,34,36) each 
having one turn constructed by winding one of 
said strands of wire (30) so as to alternately oc- 
cupy an inner layer and an outer layer in a slot 
depth direction within said slots (15a) at inter- *5 
vals of said predetermined number of slots and 
so as to be inversely wound and offset by an 
electrical angle of 180° relative to said first 
winding sub-portions (31 ,33,35), said second 
winding sub-portions being disposed at a pitch so 
of one slot from each other and being equal in 
number to said predetermined number of slots, 
wherein said stator winding (16) is constituted 
by a three-phase alternating-current winding 
(1 60) occupying n slots per phase per pole in 55 
which there is a phase difference correspond- 
ing to an electrical angle of 120° between each 
phase, and 



a cylindrical stator core (15) composed of a 
laminated iron core formed with a number of 
slots (1 5a) extending axially at a predetermined 
pitch in a circumferential direction; and 
a stator winding (16) comprising a number of 
winding sub-portions (31-36) in each of which 
a long strand of wire (30) is wound so as to al- 
ternately occupy an inner layer and an outer 
layer in a slot depth direction within said slots 
(1 5a) at intervals of a predetermined number of 
slots, said strand of wire (30) folding back out- 
side said slots at axial end surfaces of said sta- 
tor core (15), 

wherein said winding sub-portions (31 -36) are 
constituted by at least one winding assembly 
(90,90A,90B) composed of a pair of first and 
second winding groups, said first winding group 
comprising a number of first winding sub-por- 
tions (31,33,35) each having one turn con- 
structed by winding one of said strands of wire 
(30) so as to alternately occupy an inner layer 
and an outer layer in a slot depth direction with- 
in said slots (15a) at intervals of said predeter- 
mined number of slots, said first winding sub- 
portions being disposed at a pitch of one slot 
from each other and being equal in number to 
said predetermined number of slots, and said 
second winding group comprising a number of 
second winding sub-portions (32,34,36) each 
having one turn constructed by winding one of 
said strands of wire (30) so as to alternately oc- 
cupy an inner layer and an outer layer in a slot 
depth direction within said slots (15a) at inter- 
vals of said predetermined number of slots and 
so as to be inversely wound and offset by an 
electrical angle of 180° relative to said first 
winding sub-portions (31,33,35), said second 
winding sub-portions being disposed at a pitch 
of one slot from each other and being equal in 
number to said predetermined number of slots, 
wherein said stator winding (16) is constituted 
by a three-phase alternating-current winding 
(160) occupying n slots per phase per pole in 
which there is a phase difference correspond- 
ing to an electrical angle of 120° between each 
phase, and 
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wherein said first winding sub-portions 
(31 ,33,35) and said second winding sub-por- 
tions (32,34,36) which constitute the same 
phase within said winding assembly (90.90A, 
90B) are connected by same-address crosso- 5 
ver connections ((^ ,C 4 ^) at addresses differ- 
ent from adjacent phases, said same-address 
crossover connections of each phase being 
disposed at a slot pitch of 2n or more. 

10 

3. The stator for an alternator according to either of 
Claims 1 or 2 wherein: 

two of said winding assemblies (90A.90B) are 
installed in said stator core (15) so as to be is 
aligned in two rows in a radial direction; and 
each phase constituting said three-phase alter- 
nating current winding (1 60) is constituted by a 
winding portion having four turns in which first 
and second winding sub-portions (31-34) 20 
wound into the same slot group are connected 
in series. 

4. The stator for an alternator according to Claim 3 
wherein each phase constituting said three-phase 25 
alternating current winding (160) is constituted by a 
winding portion having four turns in which end por- 
tions of said first and second winding sub-portions 
(31-34) are connected between said two winding 
assemblies (90A.90B) by two adjacent-address 30 
crossover connections (C 2 . 3 ), and end portions of 
said first and second winding sub-portions (31-34) 

are connected within one of said winding assem- 
blies (90A.90B) by one same-address crossover 
connection (C^.C^). 35 

5. The stator for an alternator according to Claim 3 
wherein each phase constituting said three-phase 
alternating current winding (1 60) is constituted by a 
winding portion having four turns in which end por- *o 
tions of said first and second winding sub-portions 
(31-34) are connected within each of said winding 
assemblies (90A.90B) by one same-address cross- 
over connection (C^.C^), and end portions of 
said first and second winding sub-portions (31 -34) *s 
are connected between said two winding assem- 
blies by one adjacent-address crossover connec- 
tion (C 2 . 3 ). 

6. The stator for an alternator according to either of 50 
Claims 1 or 2 wherein: 



and second winding sub-portions (31-36) 
wound into the same slot group are connected 
in series. 

7. The stator for an alternator according to any of 
Claims 1 to 6 wherein said same-address crossover 
connection (C^.C^) is made using a metal cross- 
over connection terminal (102). 

8. The stator for an alternator according to any of 
Claims 1 to 7 wherein end portions of said winding 
sub-portions constituting neutral points of said 
three-phase alternating-current (160) winding are 
connected using a metal neutral-point connection 
terminal (101). 

9. The stator for an alternator according to Claim 8 
wherein a neutral-point lead (101b) is integrated in- 
to said metal neutral-point connection terminal 
(101). 

10. The stator for an alternator according to either of 
Claims 8 or 9 wherein said metal crossover connec- 
tion terminal (1 02) and said metal neutral-point con- 
nection terminal (101) are integrated by an electri- 
cal ly-insulative resin (103). 



three of said winding assemblies (90,90A,90B) 
are installed in said stator core (1 5) so as to be 
aligned in three rows in a radial direction; and 55 
each phase constituting said three-phase alter- 
nating current winding (160) is constituted by a 
winding portion having six turns in which first 
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FIG. I 
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FIG. 2 
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FIG. 4 
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FIG. 8 




EP1 109 289 A2 



FIG. 9 
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FIG. I5A 
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FIG. 16 
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FIG. 19 
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FIG. 21 
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